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PREFACE TO THE ENGLISH EDITION. 


A S in the former work, The Forces of Nature, done into 
English by the same hands— to which work, dealing 
with Science pure, the present, dealing with Science applied, 
is complementary — the endeavour has been made to bring 
the diflferent subjects up to date. In carrying out this 
object, both Translator and Editor have received help from 
many kind friends skilled in vai'ious technics. 

Amongst those to whom their thanks must be here 
tendered, are Mr. William Ohappell, Mr. Baillic Hamilton, 
Mr. G. I. F. Cooke, and Mr. Hermann Smith, who have 
made additions to the chapters on musical instruments ; and 
Mr. N. J. Holmes, who has revised the description of the 
organ and given permission to publish an engraving and 
description of his own magnificent instrument. Thanks 
are also due to the same gentleman for additional infor- 
mation respecting telegraphic instruments ; to Captain 
Abney, who has added some valuable information regarding 
photographic printing processes ; to the Rev. S. J. Perry, 
who has looked over the description of the instruments 
used in the study of terrestrial magnetism ; to Mr. Aitchison, 
who rendered assistance in the chajitcrs on the Steam-engine, 
and to Mr. Glai.sher, who has been good enough to make 
some corrections in the clKiptem on ballooning. 
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PREFACE TO TUB EKGLISU EDITION. 


The kindness pf Mr. Stevenson has enabled a reference 
of some length to be made to the various 83r8tem8 of light- 
house lenses which have been recently introduced. 

The Editor is also under obligation to Mr. MacDonald, the 
Manager of the Times, for information regarding the Walter 
Press and for the use of the woodcut by whi^h its action 
is made clear ; ti) Dr. Andrews for permission to include 
in part his account of the principles involved in the con- 
struction of the various Magneto-electric Machines; and to 
Mr. Conrad Cooke for a description of the Electric Light 
used in the Houses of Parliament. 

To Mr. CunlifFe Owen, the Director of the South 
Kensington Museum, Messrs. Elliott, Shand and Mason, 
Aveling and Porter, and Mr. Browning, the Editor is 
indebted for the use of several illustrations. 
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INTEODUCTOEY CHAPTE]?. 

FRENCH AND ENGLISH SCIENTIFIC UNITS. 

I N the varied examinations into the qualities and properties of 
matter with which Physical Science is especially concerned, 
certain units of measurement are essential. And it is unfortunate 
that in different countries these units are not the same. The Metric 
or French system, however, is now so universally acknowledged to 
be the best for scientific purposes, that the Editor by the advice of 
eminent scientific friends has retained it in this work. Its retention 
renders necessary a few words by way of introduction. 

One great advantage of the Metric System over our own is that it 
is a decimal system : thus, by the simplest decimal system of multi- 
plication and division, we arc enabled to perform with speed and 
ease any calculations connected wtth it which may be necessary; 
another is that the same prefixes are used for measures of length, 
surface, capacity, and weight ; and, finally, these various measures are 
related to each other in the simplest manner. 

Unit of Length . — The English unit of length is the yard, the length 
of which has been determined by means of a pendulum, vibrating 
seconds in the latitude of London, in a vacuum, and at the level of 
the sea. The length of such a pendulum is to be divided into 
3,913,929 parts, and 3,600,000 of these parts are to constitute a yard- 
The yard is divided into 36 inches, so that the length of the seconds 
pendulum in London is 39-13929 inches. 

The French unit of length, called the mlire (from fjL€ipi(o, I measure), 
has been taken as being the ten-millionlh part of the quadrant of a 
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meridian passing through Paris ; that is to say, the ten-millionth part 
of the distance between the equator and the pole, measured through 
Paris. It is equal to 39 3707898 inches. The m^tre is divided 
into one thousand millimUres, one hundred centimHrcSy and 
ten diciTiiitves ; while a dicdniHrc is ten metres, a hpctomttre one 
hundred rahtres, a kilomHre one thousand metres, and a myriomMrc^ 
ten thousand metres. The following table gives the value of these 
measurements in English inches and yards : — 



)ii GiiglHh 

I III Lu^llbh ynnlH 

Milliinetu* 

003937 

0*0010936 

("entiiuetrc 

0*39371 

0*01093(;3 

l>i5ci metre 

3*93078 

0*1093633 

Mrtrl 

39*37079 

1*0936331 

Decametre 

393*70790 

10*9363310 

llectoinetie 

3937*07900 

109*3633100 

KiJometre 

39370*79(K)0 

1 1(K)3*63310(K) 

Myriomotn 

393707*90000 

10936 3310 00 


One Englisli yard is equal to 0 91438 luHre ; while one mile is equal 
to 1*60931 kilometre 

In the annexed \\oodcut a leciinetre, with its divisions into 
centimetres and millimetres, is shown, and comjiared with four inches 
divided into eighths and tenths. 



Umit of Surf not . — For the unit of surface, the square inch, foot, 
and yard adopted in this country are replaced in the metric system 
by the square millimetre, centimetre, decimetre, and mfetre. 


1 square metre 
1 square inch 
1 square foot 
1 sqimie yiud 


1*9160333 square yards. 
6*4513669 square eenlimotres. 
9*2899683 square d^cini^ties, 
0 836t)97ir) square inetie. 
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In the annexed woodcut a square inch and a square centimetre 
are shown, in order to give an idea 
of measures of surface which will 
often he referred to in the following 
pages. 

Unit of Capacity . — The cubic inch, 
foot, and yard furnish measures of 
capacity ; hwt irregular measures, such 
as the pint and gallon, are also used in this country. The gallon 
contains ten pounds avoirdupois weight of distilled water at 62® F. ; 
the pint is one-eighth part of a gallon. The French unit of capacity 
is the cubic denmtfrc or litre (Xirpa, the name of a Greek standard 
of quantity), eipml to 1*7607 English pints, or 0*2200 English gallon ; 
and we have cu])ic inches, decimHres, centimetres, and millimbtres. 

1 litre es 61 ’027062 cubic incboR, 

1 cubic foot «=- 28*315311 litres. 

1 cubic inch ~ 16*386175 cubic centinietreh. 

11 - 4*543457 lities 



Unit of or Weight — The Englisli unit of \\*eight — the 

pound — is derived Ironi the standard gallon, wliich contains 277*274 
( ubie inches ; the weight of one-tenth of this is the pound avoirdu- 
j)ois, which is divided into 7,000 grains. Tlio French measures of 
weight are derived at once from the measures of capacity, by taking 
the weight of cubic millimetres, centJin'‘tres, decimetres, or metres of 
water at its maximum density, that is at 4'’ C. A cubic m^tre of 
water is a tonne, a cubic di5cim6tre a kilogramme, a cubic centimetie 
a gramme, and a cubic millimetre a milligramme. 



In Snglihh 

In lb AvojrtlupoiB 

1 lb =700 gruniraeH 

Milligramme part of 

a gramme) 

0*015432 

0*0000022 

Centigramme ( TJ(ytli „ 

„ ) 

0*154323 

0-0000220 

Decigramme ( „ 

. ) 

1-543236 

0-0002205 

Gramme 


15-43234!) 

0-002204G 

Decagramme ( 10 grammeH) 

154-323488 

0-0220462 

Hectogramme ( 100 „ 

) . 

1543-234880 

0-2204621 

Kilogramme ( 1000 „ 

) • • ■ 

15432-348800 

2-2046213 

Myriogrammo (lOOOO „ 

) . . ■ 

154323-488000 

^ 

22-0462126 
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Besides these units, there are others on which a few words 
may be said, as the units before referred to are implicated. The 
Unit of Time or Diuration is the same for all civilised coup- 
tries. The twenty-fourth part of a mean solar day is called 
an hour, and this contains sixty minutes, each of which is divided 
into sixty seconds. The second is universally used as the unit 
of duration. 

Having now units of space and time, we are in a position to fix 
upon a Unit of Velocity, — The units of velocity adopted by different 
scientific writers vary somewhat ; the most usual, perhaps, in regard 
to sound, falling bodies, projectiles, &c., is the velocity of feet or 
metres per second. In the case of light and electricity, miles or kilo- 
mHres per second are employed 

We have next the Unit of Mechamcal Work, — In this country the 
unit of mechanical work is usually the foot-pound, viz. the force 
necessary to raise one pound weight one foot above the earth in 
opposition to the force of gravity A horse-power is equal to 33,000 lb. 
raised to a height of one foot in one minute of time. In France the 
hdogrammhtre is the unit of work, and is the force necessary to 
raise one kilogramme to a height of one mfetre against the force of 
gravity. One kilogramm^tre= 7*233 foot-pounds. The ckeml vapeur 
is nearly equal to the English horse-power, and is equivalent to 
32,500 lb. raised to a height of one foot in one minute of time. 
The force competent to produce a velocity of one m^tre in one 
second, in a mass of one gramme, is sometimes adopted ^ a unit 
of force. 

Unit of Heat, — These units vary : the French unit of heat, called 
a calorie, is the amount of heat necessary to raise one kilogramme 
(2*2046215 lb.) of water one degree Centigrade in temperature; 
strictly from 0° C. to 1° C. In this country we sometimes take one 
pound of water and 1° Fahrenheit as the units ; sometimes one pound 
of water and 1® C. 


Thermometric degrees, — The value of different thermometric 
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degrees is discussed iu the Forces of Naiurc (vide Heat, Book IV., 
Chapter i.). The following facts may be found Useful: — 

1“ Fahrenheit « O'SS® C. = 0-44® R. 

1° Centigrade - 0-80* U. = 1-80“ F. 

1° Reaumur = 1-26° C = 2 26° F. 



Centigrade „ 
K4auniur „ 


-5- 5 X 9 + 32 

-f- 4 X 9 + 32 

- 32 9 X 6 

- 32 9 X 4 

•4-5x4 

-^4X6 


Fahrenheit degrees. 

Centigrade „ 

Reaumur „ 

n 

Centigrade 
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THE 

APPLICATIONS OF PHYSICAL FORCES. 

INTRODUCTION. 

I 

I N a former work — the Forces of Nature — an attempt was made 
to give a popular account, easy of compiehension to all, of the 
outlines of those Natural Phenomena known to the scientific world 
as Gravity, Heat, Light, Magnetism and Electricity. In describing 
these various phenomena 1 endeavoured especially to point out 
some of their most simple aud general laws, without having recourse 
to figures or formulce. The principal object of the Forces of Nature 
indeed was an exposition of the principles of pure science, with- 
out reference to the uses whicli are or can be made of tliem. The 
object of the present volume is to complete this account of the 
physical side of Science by describing <he most remarkable of its 
applications, not only in the Arts and Industries, but in the fuither 
investigation of Science itself. 

Who now-a-days will deny the influences and importance of the 
Applications of Science? Who can deny the ever-increasing part 
which the practical deductions fiom scientific theory play m the 
general progressive movement of modern societies ? Everywhere 
now we find examples of them, under the most diverse forms, in 
private and public life, in our dwelling-houses, and in our national 
edifices. They follow us in the actions of every-day life, our work, 
our pleasures; they are present with us at the domestic health, 
and in our travels ; they are associated with our joys and our 
/ t B 
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sorrows. In peace and war they hold the first place: here to 
destroy a hostile force or to increase the elements of defence or 
resistance ; there, always fertile and helpful to man, to multiply and 
make perfect the implements of work and industry. In every case 
they enable us to live, and make the conditions of living more easy. 

If we wish to form a striking idea of the importance which 
scientific applications have acquired during the last two centuries, 
we have only to imagine some of them as not existing, so that 
we should have to resort for the services they render us, to the 
primitive ways of our fathers in ordinary industrial operations before 
science was brought into play. Let us see what perturbations 
would be introduced into society and into the lives of each of us 
by this imaginary abolition of science, if such were possible. We 
have now returned, then, not, let us say, to the time which pre- 
ceded Papin and the invention of the steam-engine, but only to 
that when the new machine, in an embryo state, was hidden away 
in the mines of Cornwall, waiting to be transformed by the genius 
of Watt. Thousands of workshops, three-fourths of their activity 
having been set in motion by the steam-engine, are closed, or at 
least they have to go back to their original implements, those 
only known to them when they were, strictly speaking, simple 
manufactories: the hand of the workman alone henceforward must 
make the thousand things indispensable to our wants, which in 
the present day the steam-engine produces with such astonishing 
perfection and wonderful and therefore economical rapidity. 

In what an enormous proportion the industrial production of 
the world would suddenly be reduced ! Take, for example, England. 
At the present time the steam-engines on English soil and in English 
manufactories have a mechanical power representing no less than 
seventy-six millions of workmen, that is at least ten times the mus- 
cular power of all the adult workmen who are the auxiliaries to 
the machines. Where would men be found to carry on the enormous 
work now done? 

Let us extend this idea to all the manufacturing nations of the 
globe, and then only shall we be able to judge of the famine of 
manufactured goods, stuffs, clothes, tools, machines, and useful 
products of all sorts, which would be brought about by such a 
suppression as the one we have imagined. 
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We must not forget also that macliines which owe their motion 
to the elastic force of steam, have not limited their services, in 
the century in which they have been invented and improved, to 
direct production. They have rendered possible the more perfect 
manufacture of all other machines and of a multitude of appliances 
and tools, without which a hundred industries would in the present 
day be either abolished or reduced to the rudest of primitive methods 
of production. 

In industry, then, this is what would happen by the suppression 
of the steam-engine. But what confusion this suppression would 
also bring about in our commercial and other relations ? At the 
present time steam is the great carrier. What would happen if 
suddenly the 300,000 or 400,000 kilometres of existing railways 
were to cease working, and if steamships no longer continued their 
customary journeys on the rivers, canals, and seas ? 

I have purposely chosen as an example of the applications of 
science one which has transformed, in the deepest and most uni- 
versal way, the conditions of labour and of international and 
national relations. But, by making a similar supposition with 
regard to each of the principal modern inventions, if the conse- 
quences were not operative on such a large scale, still it would 
not follow that they would be less obvious to each of us. We 
have at the present time a thousand habits, a thousand wants, 
which would be satisfied with difficulty, were the inventions to bo 
abolished which have caused them little by little to exist. This 
each of us can easily verify for himself by considering -all those 
things which suiTOund him which are directly or indirectly, con- 
nected with an invention or an improvement which had science 
for its origin. The account of the principal applications described in 
this work, although restricted to one science, that of Physics, will 
clearly prove the truth of the statement we have just dwelt upon. 

II. 

Let us follow the natural order of the subject, and commence 
with the scientific applications of the fact that bodies have weight. 
These are, with few exceptions, at once the most anciently known 
and the most generally employed. 

B 2 
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it is by tbe help of artificial instruments that music expresses the 
thought of the composer, that it gives shape to his melodies, and to 
the harmonies introduced into them to render them more expips- 
sive and penetrating. From the ancient lyre and harp to the 
modem violin, to the masterpiece of sonorousness and sweetness of 
Stradivarius to the powerful organ, so scientifically built by con- 
temporary makers, what a numberless variety of musical instruments 
have by turns lent tlie help of their tones to musicians of all times 
and of all countries ! It is true, that it has been by the long and 
patient researches of the makers, and by the results of experience 
rather than by the indications of theory, that most of these instru- 
ments have by degrees acquired their actual perfection. It must 
V)e also added that all the conditions of this perfection are far from 
being scientifically explained. It is not less curious to know how 
the laws of the sonorous vibrations, which govern the series of notes 
of the musical scale, are followed and applied in the instmments of 
the different types, whatever may be the peculiar mechanism of each 
of them. How many persons play the violin, piano or wind instru- 
ments without having inquired into the action of the different parts 
of the instrument which is so familiar to them ; how few know 
by what mechanism the oiganist produces that wonderful and 
powerful collection of sounds which bring before us all the tones 
with all their various qualities, imitating so exactly all the instru- 
ments of an orchestra and even the human voice ! 

Here we have an interest, due to curiosity, which will justify 
the chapters I shall devote to most of the known instruments, by 
considering them as so many applications of the phenomena and 
laws of acoustics. This is a novel subject and treated with un- 
usual length in a work devoted to physics; yet it is but glanced 
at, as it w^ould require a volume to give the subject the space 
which it allow’^s and which it merits. 


IN, 

With Light and the applications with which the study of its 
phenomena and laws have enriched science, we enter two new 
"worlds; new, doubtless to those among us who liave not studied 
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either physical astronomy or physiology, who have never yet 
looked through a telescope or microscope ; but certainly new worlds 

all those who lived two centuries ago. Before Galileo’s time 
what unknown wonders in the depths of the sky, in the world of 
the infinitely great! What astonishing revelations in the world 
of the infinitely little, since Swammerdam 1 New sciences have 
sprung up which would not have been possible without the help of 
these powerful means of investigation placed by optics at the 
disposal of observers. Thanks to the microscope, the stiucture 
of the animal and vegetable tissues, the most capable of disclosing 
the mechanism of life, is known in its most minute details. By 
means of the telescope the eye penetrates into infinite space, and 
there discovers millions of stam, the existence of which the eye 
could scarcely suspect — at such enormous distances, that it takes 
centuries and thousands of centuries for their light to reach us, 
although the light waves travel with prodigious velocity through 
the ether. 

Nevertheless there is nothing more simple than the manufacture 
of these optical instruments, nothing more easy than to understand 
their principles and to exidain their effects, and, lastly, nothing 
easier, with patience and study, than to acquire tlie practical 
knowledge necessary to their fruitful uses. 

Other instruments, based on similar principles, such as lielio- 
stata, sextants, goniometers, then spectroscopes and apparatus for 
lighthouses, are employed for jscientific researches of different kinds 
and render precious service in astronomy, mineralogy, and travels ; on 
all accounts they deserve to be described and studied. The siderostat, 
an invention due to Hooke, Laussedat and Foucault, although it has 
not yet come into general use, must be referred to for the great 
help it is destined to render in the researches of physical astronomy, 
for instance, in the study of solar phenomena. 

But one of the most interesting applications of the properties 
of light — an invention still recent and already brought to a rare 
degree of perfection — is that which allows us to reproduce instan- 
taneously, and with wonderful fidelity, all objects illuminated by 
a sufficiently intense light source. In the present day photo- 
graphy is a popular art, popular in its processes and results, but 
none the less interesting in its principles and method, nor 
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less fruitful in its influence on the sciences and arts. By its 
principle, it has formed a new branch of science, photo-chemistry : 
as to the sendees it unceasingly renders to the arts and to tjie 
natural sciences, it is scarcely necessary to enumerate them. It 
is true that for a moment this means of reproduction of natural 
objects was injured by overrating the part to be taken by photo- 
graphy, and by supposing it would be able to supplant the artist : 
as if a mechanical process were capable of trarfslating the sentiment 
of the painter, that is to say, the poet in presence of natuie, senti- 
ment being the true source of inspiration, without which there can 
be no masterpiece. The part filled by photography is both more 
modest and more useful : it popularizes the chefs-d'auvre of painting, 
statuary, architecture, and engraving; it reproduces the smallest 
details of natural views, of the objects studied by the geographer, 
ethnologist, and naturalist; and enables the poorest to preserve 
the likenesses of those most dear to them, and in this sense it 
has and always will have a moralizing influence. 

So much for the results. But if it is looked at from a scientific 
point of view, is not this automatic reproduction of natural objects 
marvellous— this painting with no other agent but that of light! 
Moreom; each step taken in this art reveals surprise after surprise : 
after photugraphy comes helic^phy, which, if a few practical diffl. 
cnlties can be conquered, will soon enable photogenic imagai to 
be mnitiplied, just as typography multiplies books and ordiaary 
engravings. 


V. 

I mentioned at the beginning of this introduction the most o6n- 
siderable application of the phenonaena and laws of heat, that which 
is based on the transformation of heat into mechanical power. No 
physical application can rival the steam-engine in the immensity 
of its results. Socially speaking, it is by producing power that the 
worth of man, whether we deal witli the individual or the nation, is 
estimated. 

Now, steam has increased the sum of the forces of which man 
can dispose for the satisfaction of his wants: in an enormous 
proportion it is just as if it had increased his capacity for wwk 
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in like proportion. But production is not everything; and to 
produce a great deal, it is necessary to move and distribute the 
produced riches with a rapidit}' and regularity increasing with the 
increase of production ; steam, in the form of railways and steam- 
vessels, has solved the problem. Lastly, it was necessary still to 
increase the rate of communication which the post and railways had 
already so much accelerated : commerce required 'this increase of 
speed; politics demanded it. The locomotive and steam vessels 
having in this respect done their utmost, another physical agent 
has been brought into play. I do not know which is most astonish- 
ing, the invention of the electric telegraph and the rapidity with 
which this invention has been realized and propagated over the 
entire globe, or the indifference with which we now look upon that 
which would have appeared the most extraordinary of miracles in 
past centuries. 

Here we have written a few lines on a piece of paper not larger 
than the hand; with the signature attached, the whole is given 
to a clerk in the telegraph offic^e in London, who places the paper 
on .the plate of his instrument In less than two minutes after- 
vaida the telegram has been printed in Edinbuigh. This astonishing 
Mpidity is naly half the wonder : between Pans and Marseilles, for 
iMtanee, the writing, wi& its antogtaphio physiognoiify and the 
sigBStnre, with all its pecnliaiities, is also reprodnoed in iko^mile, 
with irreproachable exactness, on a square of paper the same siss, 
placed in the same way on an instrument situated 864 kilometaes 
distant from the first. Add to that the time necessary to transmit 
the message to its destination, and the reply autograph, like the 
telegram itself, returns from Marseilles to Paris with equal rapidity. 
A motion communicated to a heavy pendulum, with a pencil which 
swings across the paper and passes over every part, this is all that 
can be seen of the wonderful operation which has taken place before 
our eyes, of which, unless by the initiated, nothing can be under- 
stood. 

Does not this indeed appear quite incomprehensible ? It is true 
nevertheless; and the doer of this scientific miracle, which has 
nothing supernatural in it, is electricitj'. It is the current generated 
in a pile, circulating with the rapidity of thought or lightning 
in the wires stretched between the two stations, and magnetizing 
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in its passage the soft iron inclosed in the bobbins or electro- 
magnets, which, after a series of movements which we can only rofer 
to now, acts each time the current passes over the tracing penci^ 
of the instruments. But chemical reaction gives birth to the in- 
visible current ; and a chemical reaction is produced at the end, and 
a series of coloured points traces on the paper the very image of the 
characters written at the point of departure. A drawing, plan, or 
any figure, or shorthand signs can, of course, be also thus reproduced. 

A thousand other curious inventions — that which I have just 
quoted is doubtless among the most striking — have been realized from 
the same principle : that of the action of electricity at a distance. 
This force, the real nature of which is still unknown, and of which 
three centuries ago the existence was scarcely dreamt of, which 
before that time was only manifested under the form of thunder — 
this force has become, thanks to science, thanks to the experimental 
investigations, and also— and this we must emphasize — thanks to 
the indications of theory, the docile agent of man. 'It transmits 
human thought to a distance, whether along aerial wires or 
through cables which are immersed in the depths of the ocean; 
at a distance it sets fire to mines and torpedoes ; it is a light-source 
which rivals the sun; it transmits and regulates the movement of 
clocks ; it melts metals ; it covers objects with an imperceptible 
layer of a precious metal, gold, silver, or platinum; and, lastly, it 
reproduces the works of the sculptor or the modeller. 


VI. 

To bring together in a single work all these many different 
applications, to describe the instruments, machines, and apparatus 
of all kinds, by the help of which inventors have succeeded in real- 
izing them; to make them easily understood, in piinciple if not 
in detail, such is the aim proposed in this woik. The various 
chapters which compose it do not pretend to replace technical 
manuals, by means of which each application is studied for practical 
purposes. Besides, the idea of the book is far different, as I have 
before stated. The present volume is the complement of the one 
in which the phenomena and their laws have been studied. The 
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two works have the same plan ; the division of .matter is the same, 
because it was necessaiy above all that the reader should connect 
jn each subject the principle with its consequences, so that thus 
practice and theoiy may be mutually understood. 

In conchxsion I must add, in the hope of deseiwing at least the 
indulgence of the public for the literary form of this work, that I 
have been more anxious to instruct than to amuse. The subject 
does not border on fiction ; but I am convinced it will be none tho 
less interesting for all that. The important point was to treat the 
subject with all possible clearness ; and here, as in some other 
works which have been received with favour, I have especially 
endeavoured to be clear. 




BOOK I. 

APPLICATIONS OF THE PHENOMENA AND 
LAWS OF WEIGHT. 
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T HEEE is no part of human activity dealing with matter in which 
the weight of bodies, whether they are solid, liquid, or gaseous, 
does not enter, and in which therefore the effects of weight have not 
to be taken into account and to be calculated. This is as necessary 
for equilibrium as for motion. Tlius notably such constructions as 
monuments, public and priva^te buildings, bridges, aqueducts, and 
those movable bodies used in land, river, and sea transport, together 
with apjiaratus, engines, and tools of all kinds, may with good right 
be considered from the point of view of equilibrium or stability and 
of motion as so many physical a]>pli''ations, and especially as appli- 
cations of the phenomena and laws of weight 

But one can easily understand that we in no way intend to carry 
out so large a survey. The meaning we shall give to physical appli- 
cations is much more restricted : we shall refer only to those of which 
the principle is borrowed from physics, to the forces and to the laws 
which these forces manifest, leaving on one side the numerous appli- 
cations which depend exclusively upon Mechanics. This remark 
applies to all branches of physics, but in this First Book devoted to 
Weight we shall only pass under review and describe those appli- 
csations, or machines based upon some of the laws of gravity, such, 
for instance, as the constancy of the direction of this force on the 
surface of the earth ; the energy developed in a body which falls 
from a height ; the isochronous oscillations of pendulums ; atmospheric 
pressure, and the like. Further, we shall deal chiefly with those 
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which have the greatest value, and of which the use is most obvious ; 
or, again, with those which are more specially interesting from a 
purely scientific point of view. Some of these applications have 
come down to us from a high antiquity, others are of recent date, 
but we shall endeavour to give the most recent developments. 

We shall find in many cases that the discovery of a physical law 
has been the consequence of an entirely empirical inquiry, having for 
its object the perfection of a certain branch of industry ; and, again, 
in other cases that a discovery of great commercial importance has 
been brought about by an experimental or mathematical demonstra- 
tion of a truth of the most abstract order. These are considerations 
on which we most strongly insist: because, in our opinion, they 
have a real philosophical importance. They seem to us, in fact, 
to be well qualified to warn our readers against two opposite ten- 
dencies, both unfortunate. On the one hand we find persons 
conscious of their practical skill disdaining scientific theory ; while 
on the other, some men of science who consider themselves to be 
great philosophers look down upon knowledge acquired in the opera- 
tions of industry, though the knowledge is often of a very real kind, 
and far removed from the so-called “ rule of thumb.” 
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CHAPTER I. 

DIRECTION OF GRAVITY— FALL OF BODIES — OSCILLATIONS OF THE 

PENDULUM. 

§ I.— Plumb line and Levels. ' 

I N the arts, and especially in the art of building, it is frequently 
necessary to establish vertical or horizontal lines or planes j or, 
if these lines or planes are already constructed, it becomes equally 
important to test their accuracy. This is done by means of instru- 
ments called plumb-lines or levels, both based on the fact that a 
thread or string sti etched by a heavy body lies, when at rest, 
in the exact vertical of the place where the observation 
is made. 

Most people have seen the plumb-line used by 
masons, which consists of a thread, with a cylindrical 
metal weight attached, and a square plate, also of metal, 
the side of which is equal to the diameter of the cylinder. 

The plate slides, by means of a central hole, along the 
thread and is placed against the wall, the verticality ol 
which is to be observed. When not in motion, the cylinder 
should lie along the surface of the wall, without resting 
against it and without leaving between it and the wall 
any perceptible interval. 

A flat rule or straight-edge (Fig. 1), having truly parallel 
edges (a b, o d), with a straight line (o l) drawm down the centre, 
called a test-line, is also used for the same purpose. One of 
the sides (a b) is placed against the line or plane to be tested, and 
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it is necessary that the thread fixed at o and stretched by a weight 
should coincide when at rest with the test-line of the rule. In 
order that the test be complete, the straight-edge ought to be reversed 
and the same e.vperiment made with the side C l». 



Fu.. 2 — Mubuiib’, 01 porpoiidu ulai levels 


The levels shown in Fig. 2 are used to prove that a plane or a line 
is horizontal. The appearance of the instruments is sufficient to in- 
dicate the way in which they are employed, and we need not dwell 
longer on this simple application of the first law' of gravity, which 
teaches us that its direction is constant in one place. 



Fi(. S - Delaiiibrj’s itendicular 1< ^ cl for goudetic obserx utions 

In geodesy, the perpendicular level (the name given to the instru- 
ments represented in Figs 2 and 3), made with the greatest accuracy, 
is used to measure the angle of inclination of a straight lino to the 
horizon. The plumb-line is replaced by a heavy rod suspended at o, 
the lower extremity of which is furnished with a vernier. A graduated 
limb gives in degrees the value of the angle (p o b) formed by the 
level and the test-line. The inclination of a line (a b) to the horizon 
(a u) can thus be found ; P o R is, in fact, equal to the angle B a ii, 
as the two sides of these two angles are perpendicular to each other. 

Delambre, in his measurements of the meridian, used a perpen- 
dicular level thus arranged, in order to determine the inclination to 
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the* horizon of the rods which he used to measure his base lines, and 
a similar instrument called a clinometei* is used by geologists to 
determine the angle of strike or dip of strata. 

We shall refer further on to other levels used by artificers and 
engineers, called spirit-levels and ‘‘ water-levels,” in which bubbles 
are used, when we come to speak of the equilibrium of liquids. 


§ II. — PiLE-DKIVERS. 

A heavy mass falling from a certain height moves, we know, with 
a velocity increasing as the square of the distance through which it 
falls. The work or mechanical effect thus developed by the action 
of gravity, and which is measured by multiplying the mass by the 
square of the velocity or by the height, is utilized for driving stakes 
or piles to form the foundations of piers of bridges and other gieat 
hydraulic works. The name of pile-drivers is given to machines 
used to lift, guide, and let fall masses of cast-iron called monkeys 
on the head of piles. Hand pile-drivers and mechanical pile- 
drivers are represented in Plate I. They differ from each other 
inasmuch as in the first the working of the machine, both in lifting 
the monkey and in letting it fall down and slide between the two 
side-beams, is done wdth ropes drawn by a gang of workmen. 

In the second, by the aid of a windlass, one or two workmen are 
sufficient to raise the monkey to the desired height. On reaching this 
point, the weight, which during its elevation was held, by means of 
a ring, by two nippers, is freed, and falls on the head of the pile. 

The mechanism which sets free the monkey will be easily 
understood by glancing at Fig. 4, which represents the detent. 

Two strong nippers fixed in the ring, which terminates the upper 
part of the monkey, are kept closed by a spring during its rise ; 
but when it reaches the end of its course, the upper arms of the 
nippers pass into a narrow opening in the form of a cone ; they are 
gradually brought together, opening the two lower jaws which free 
themselves from the ring, and the monkey descends. 

Most frequently the work is commenced with the manual pile- 
drivers, which have the advantages of simplicity and rapidity in 
^vorking, although they only raise the monkey to a height of about 1 

c 2 
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metre or 1"* 20. When the piles, already driven to a certain depth, 
only give way slowly under the strokes of this machine, the mechanical 
pile-drivers are employed to finish the work. With these the vreight 
can be lifted to a height varying from 2“ 5 to 5 or 6 metres. The 
useful eflTect, which depends on the height of the fall, is therefore 

much more considerable. The weight of the 
monkey varies from 300 to 600 kilogrammes, 
and the number of men necessary to the work- 
ing of the manual pile-drivers reaches 
sometimes as many as forty. liecently steam 
has been applied to these machines, as seen 
in Plate I. ; a portable steam-engine giving 
motion to the machina It does not appear 
that steam has hitheito been used directly for 
pile driving, yet the difficulties of its appli- 
cation for that purpose do not appear to be 
insurmountable. A fixed boiler at the base 
of the machine, and a steam-hammer capable 
of being fixed at any height and connected 
with the boiler by flexible tubing, if neces- 
sary, would appear to be all that is required 
for the application of steam for this purpose. 
An American invention has recently increased 
Fig 4 — DHaiu lu causing the monkey 

at the moment the detent is opened to ex- 
plode a small charge of gunpowder. 

The steam-hammer, which is a kind of monkey used in forging 
metals, is, like the pile-driver, an application of the force of gravity. 
We only speak of them here in passing, as we intend to refer again 
to them in the chapters devoted to steam. Here, indeed, we must 
keep well before our minds one important application of the force 
developed by a heavy mass in its fall, under the sole action of 
weight. 

We must remark, in concluding, that all this force is not utilized 
in producing the desired effect, which is the driving of the piles ; a 
part is transformed into heat, that is to say, into a molecular move- 
ment common to both masses which are thus suddenly brought into 
contact — the monkey on the one side, and on the other the head of 
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the pile and the iron I'ing with which the head is fitted to resist 
the lateral strain which, without it, would split the piece of wood 
into fragments. 


55 III. — Clock Pendulums. 

Galileo, after discovering that the oscillations of the same pen- 
dulum took place sensibly in equal times, when their amplitude 
was very small, thought to utilize this valuable property in measur- 
ing the exact number of beats of the pulse. The instrument called 
the pnhilogium, which is simply a pendulum, was, it is said, invented 
by him. 

But it appears certain that Huygens was the first inventor of 
the application of the isochronism of the pendulum to clockmaking 
(165G). For nearly three centuries and a half clocks with cogged 
wheels had been used, but they were as yet very imperfect instru- 
ments, not having a constant regulator of their movement. Huy- 
gens solved the problem in the following manner : — It is known that 
in clocks the motive power is sometimes a weight, which, under the 
influence of gravity, unwinds the cord by which it is suspended, and 
thus continuously turns the axis of a cogged wheel ; and sometimes 
it is a steel spring, wdiich unbends gradually, and, since by a special 
mechanism its action is rendered almost regular, this spring also 
causes the cogged wheel to move in a continuous manner. In both 
cases this wheel transmits its movement to all the other parts of the 
clock. 

In both cases, also, the difficulty was to establish a perfectly 
regular and uniform movement, notwithstanding all the causes” of 
error and the variety of resistances presented by the action of so 
many parts. This Avas accomplished in different ways, by trans- 
forming the continuous movement given to the wheelwork by the 
motive power into an oscillatory or periodical one, by using a 
I'egulator. The most simple and at the same time the most exact 
regulator of clocks is the pendulum. Huygens’s arrangement is 
shown in Fig. 5. 

n is a cogged wheel with oblique teeth, to which a movement is 
communicated by the spring or weight of the clock. This motion it 
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afterwards transmits to the system of pinions and cogged wheels 
forming the clock mechanism. In the figure, for simplicity’s sake, 
we have omitted the intermediate wheels. P p' is the pendulum or 
regulator of the movement. Its oscillations are transmitted to B by 
means of the fork /, and from the arbor K D to the pallet a B c, which 
is called an anchor-pallet from its form. A B o then oscillates in the 
same manner as the pendulum itself. And as its two extremities 
A c are curved in such a manner as to allow them to fall between 
the teeth of the wheel R during the time that one of the teeth rests 
on the upper surface of one of the extremities of the pallet, the 
movement of the wheel is checked. At each oscillation of the pallet, 
a tooth of the wheel thus stopped frees itself and the movement 



Fn. 6 MechaiiiHiii (»f the regulating peiidultiiu Fio « —Anchor escapeuient 

continues, so that the movement, wliich would be continuous if it 
were due to the action of the weight alone, becomes periodic, the 
duration of each period being that of one oscillation of the pendulum. 

As the beats are isochronous, the movement of the toothed wheel is 
also isochronous, and that of all the other wheels. But the arrange- 
ment of the portions A and c is such (Fig. 6) that each time the tooth 
of the wheel presses on one of them to free itself, it communicates 
its movement to the anchor, then to the pendulum, the arc of oscil- 
lation of the latter thus remains constant; and the oscillations si's 
stopped only when the motor, either weight or spring, ceases to act. 
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The time of oscillation of the pendulum depends on its length, 
and this length is determiued for each clock bj'the connection or train 
of wheels between the minute hand and the scape- wheel. It will thus 
be seen that the function of the pendulum is to regulate the move- 
ment of the wheelwork by changing this continuous movement into a 
series of oscillatory movements in equal times. But as it receives its 
momentum from this wheelwork, the force of which may vary from 
different causes, it follows that the arcs of these oscillations are 
liable to decrease : their duration is then shortened, even though the 
length of the pendulum is not altered, and the clock would go faster. 
Huygens sought for and found the means of solving this difficulty by 
an admirable discovery which, unfortunately, cannot be adopted on 
account of the difficulties which the application presents. We refer 
to the cycloidal pendulum, thus named because it is based on the 
principle of the geometric curve called a cycloid. 



The rod of this pendulum is a flexible metallic plate, suspended 
between two solid cheeks taking the form of two cycloidal arcs tan- 
gent to the staiting-point. In oscillating, the flexible rod bends and 
rests on each of these arcs by turns, and the length of the pendulum 
thus diminishes in a degree which depends on the extent of the oscil- 
lations. Huygens found that, if the diameter of the generating circle 
of the cycloidal arcs has a length equal to half that of the oscillation 
of the pendulum, the centre of the bob describes an arc (p" p p') which 
is itself a cycloidal arc. 

Now a heavy body which moves by gravity in an arc of this kind 
takes the same time to reach the end of its path at P, whatever may 
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be the height of the point of departure. In a word, the oscillationa 
of the pendulum are always isochronous, and this isochronism is 
independent of the amplitude of oscillation. Another difficulty 
presents itself, inasmuch as the length of the pendulum varies with 
the temperature, increasing when the temperature increase.s, and 
lessening when the temperature lessens. We shall see further on, in 
the Book devoted to the applications of heat, how these difficulties 
have been surmounted. We may here conclude by emphasizing the 
extreme imjmrtance of Huygens’ discovery consequent on Galileo's 
observations. Fi’om this period — a little more than two centuries 
ago — clock-making has become an art of such precision as to render 
most valuable service to all the physical sciences, and especially 
to astronomy. 


§ IV. — The Movement ok Rotation of the Earth and Apparent 
Deviation of the Pendulum. 

We mentioned in the Forces of Nature some of the applica- 
tions of the properties and laws of the pendulum to the physics of 
the globe. It remains for us here to say a few M’oids about an 
experiment which, some years ago, took great hold on the public. 
We speak of the experimental proof of the rotation of the earth by 
the deviation of a pendulum, a proof thought out and realized by 
Foucault. The experiment of which we speak is based on a principle 
of mechanics, which, applied to the rotation of a spheroid like the 
earth, may be summed up in these three propositions ; — 

1. A pendulum placed at one of the poles of the earth, its point 
of suspension being in the axis of terrestrial rotation, will oscillate 
so that the plane of its successive oscillations would maintain a 
constant direction in space. Then an observer placed at that spot, 
finding himself drawn round by the rotation of the earth, without 
being conscious of his own movement, would believe ha saw the 
pendulum oscillate in variable planes coinciding successively with all 
the meridians. After a sidereal day, that is, after twenty-three horns 
fifty-six minutes of mean time, the plane of oscillation of the pen- 
dulum would appear to him to have gone through a complete revolu- 
tion, and in a direction opposite to that of the rotation of the earth. 
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2. At the equator, ou the other hand, the rotation of the glob, 
would not have any influence on the apparent direction of the plan^ 
of the oscillations, which would appear to be, and indeed would l> 
always the same relatively to the horizon. 

3. Lastly, theor}^ establishes that in all other latitudes the an 
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parent deviation of the plane of the oscillation of the pendulum would 
be made in the direction of the nearest pole, the deviation being 
slower according as the place where tlie experiment is made is nearer 
the equator. Calculation shows that at Paris (latitude 48® 50') the 
pendulum would take about thirty-two hours to accomplish the 
entire round of the hoiizon, friction at the point of suspension and 
that due to the resistance of the air not being taken into account. 
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This result of theory was confirmed at Paris in 1851, under the 
dome of the Pantheon, by L4on Foucault. This distinguished phy- 
sicist arranged his experiment, which attracted a number of curious 
people, in the following way : — At the highest point of the interior 
of the dome a steel wire about 64 metres in length was firmly fixed 
into a metal plate ; this carried at its extreme end a very heavy 
brass ball. When removed from its vertical position and left 
to itself, this pendulum very slowly executed a series of oscilla- 
tions in a plane which theory, as we have before stated, proves to be 
invariable in space. On the hypothesis of the earth being stationary 
the orientation first given to this plane would therefore have been 
kept. Now, the numerous spectators of this curious experiment were 
able to observe a deviation. 

In one hour, the arc measuring this deviation was very nearly that 
indicated by theory, namely 11° 17' 39". Two little mounds of sand 
placed on a circular balustrade and at the extremities of the same 
diameter, were by degrees cut through in opposite directions by a 
metal point fixed below the ball of the pendulum, so that the ap- 
parent deviation of the plane of the oscillations, due to the rotation 
of our globe, and therefore this rotation itself, were rendered per- 
ceptible to the eyes of all* 


§ V. — Balances used in Commerce or in the Arts. 

We have described the balance of precision in the first book of 
the Fm'ces of Nature ; it is the only one used for scientific deter- 
minations of weight requiring great accuracy. Other kinds of 
balances, more roughly constructed and intended for near approxima- 
tions, are used in commerce and industry ; we will hastily describe those 
most used, without entering into the details of their construction. 

The Iloman steelyard, called in France Romaine, is the one most 
anciently known : its French name is taken from the ancient Romans, 
by whom it was used. Its construction is very simple, and is based 
on the principle of mechanics that the weights of two heavy bodies 

^ L^on Foucault has demonstrated tbe rotation of the earth in another way, by 
a similar niedianical principle. The instrument to which we allude is the gyroscope. 
Tbe reader will find the description of it in the most recent treatises on Mechanics. 
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acting at the extremities of two unequal arms of 9 , lever are, when 
equilibrium is established, in the inverse ratio of the lengths of the 
arms of the lever. 

In the Koman steelyard, the beam a b (Fig. 9) may be divided 
into two parts, the shorter of which (0 a) forms one arm of the le\^er 
of constant length ; at the extremity is suspended a hook or scale- 
pan intended to support the body to be w^eighed. On the longer part 
(ob), graduated properly into kilogrammes and fmciions of a kilo- 
gmmme, or in England to pounds, &c., moves a collar M, which sup- 
ports a constant weight p : and it is this weight which, placed more 
forward or drawn back along the graduated rod, produces equilibrium 
with the heavy bodies placed in the pan q, or hung to the hook. The 
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equilibrium is established when, after many oscillations, the beam 
retains a horizontal direction. 

The steelyard is usually constnicted so that the centre of gravity 
( 0 ) of the whole instniment lies in the vertical which passes through 
the edge of the suspension knife and a little above it. Then, in the 
absence of the movable weight and of any weight placed in the pan, 
the beam remains in equilibrium and takes a horizontal position. 
The zero of the graduation is then at the point of suspension itself. 
The different divisions are ascertained by placing a known weight — 
one kilogramme or pound, for instance — in the pan and finding the 
point of the beam w^here the movable weight produces equilibrium : at 
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this point one kilogramme is marked. The space comprised between 
0 and I, divided into decimal divisions and continued along the large 
arm of the beam, gives the graduation. This is a useful balance, 
as it does not require the use of a series of standard weights, and 
weighs laige bodies with ease when an exact result is not neces- 
sary. It is not very delicate ; its use is legally authorized in France 
only when it does not fail to indicate an excess of weight as much 
as the 500th part of its maximum load. 

The weighing machine or the Quintenz balance (named after its 
inventor) is based on the same principle as the Roman steelyard— the 
body to be weighed and the weights acting at the extremity of the 
unequal arms of the lever. But there is this difference : the two 
arms are of invariable lengths, and it is at the extremity of the 



shorter arm that the body to be weighed is placed. The Quintenz 
balance then requires, like the ordinary balances, a series of weights ; 
but these weights are less than those of the objects : for instance, if 
the relation of the levers o B and o A is that of 1 to 10, equilibrium 
will be obtained with heavy bodies by means of standard weights 
of one-tenth the weight. 

The platform D E, on which the body to be weighed is placed, 
rests by a horizontal edge i on a piece E L forming a movable lever 
round K, and acting by the elbow l A on the arm o A of the beam. 
The distances l K and K L being made proportional to o B and 
OA, it follows from this arrangement that the platform de, hori- 
zontal before the heavy body is placed on it, will remain horizontal 
when that body by its weight will cause it to give way, or, which 
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•comes to the same thing, the movement from the po,int A will be to 
the movement from the point B in the same relation with the arms of 
the lever o a and o B. Hence it follows that the action of the weight 
of the body, passed to B and A, is the same as if it were all exerted 
at B ; so that weights will suffice ten times less heavy than that of 
the body to be weighed to produce equilibrium. If the equilibrium, 
for example, is established in standard weights with 6-4 kil, the 
actual weight of the body is 54 kilogrammes. Balances of this kind, 
with additions and improvements, are much used in luggage booking 
offices, railways, and warehouses. When it is necessary to weigh 
carriages or loaded carts, they formerly used in France weighing- 
bridges, a sort of balance the principle of which is analogous to that 
of the balances of Quintenz, that is, it depends on a combination of 
levers of different lengths In some foreign countries they still use 
weighing-bridges or the balances of Sanctonus (from the name of 
the distinguished Italian to whom the invention is attributed). 
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The peson is a form of steelyard, with immovable weight, used 
for the weighing of light mateiials, letters for instance (in this case 
it is called a letter-weight), or, in spinning factories for silk, wool, or 
cotton. 

It is a lever, A B, made to turn round a point o. One of the arms, 
A, carries a pan intended to receive the materials to be weighed. 
At 0 is a needle fixed to the lever at a light angle. When there 
is no weight in the scale, A b remains horizontal, and the needle 
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then takes a vertical position, but when a body is placed in the 
pan, the action of this weight at the end of the arm of the lever 
OA moves the needle and causes it to traverse the divisions of an 
arc of a circle properly graduated. This instrument does not require 
the use of any weights. Its graduation is deduced from a very 
simple mechanical principle, namely, that the weights placed in the 
pan are proportional not to the angles that the needle makes with 
the vertical, but to the tangents of these angles, that is to say, to 
the distances CT, ct' . . ., which the direction of the needle pro- 
longed determines on the horizontal line drawn from the point o 
in the vertical line of o and tangent to the arc of the circle described 
fi’om the point o as centre. 
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We concdude this description of weighing instruments employed 
in conimerce and the arts by a few words on Eobervars balance. 
The two pans of this balance rest, on the upper part of the beam, 
on two upturned knife-edges, and are fixed to two equal movable 
rods, connected at their lower extremities by rings to the two ends 
of a lever also movable on an axis at its centre. This arrange- 
ment, which changes none of the conditions of equilibrium, renders 
the use of this balance very convenient. The bodies to be weighed 
and the standard weights may be placed and taken away without 
interfenng, as in the ordinaiy balance, with the cords or suspending 
strings of the pans. This form of balance is very extensively used 
in the present day 


OHAP. IL] 


THE HYDRAULIC OR BRAMAHS PRESS, 


33 


CHAPTER IL 

THE HYDRAULIC OH BRAMATl’S PRESS. — AREOMETERS OR HYDROMETERS. — 

ARTESIAN WELLS. 

§ L— The Hydraulto Press. 

P ASCAL demonstrated that all pressure exercised at one part of th(» 
surface of a liquid is transmitted with equal energy in every 
direction ; hence he inferred that with comparatively little effort a 
considerable pressure might be produced, provided that a licpiid, sucli 
as water, be used to transmit the pressure, and also that the piston by 
which the pressure is produced has a much smaller surface than that 
of the piston which is acted on by the pressure. In a M^ord, he proved 
tliat pressure is transmitted and augmented in the proportion of the sur- 
faces of the two pistons. Theoretically, this was the invention of the 
hydraulic press ; but the difficulties of putting theory intp practice 
did not at once allow of its construction. For a long time it was 
impossible to find any way of preventing the escape of water by the 
joints of the piston ; an escape due to the very force with which the 
liquid when only slightly compressed was forced against the interior 
of the apparatus. A simple and efficient means of removing this 
inconvenience was adopted in 1 796 by an English engineer, Bramah. 

Fig. 14 represents the hydraulic press as used at the present day 
in the industrial arts for pressing certain substances. These sub- 
stances, C, are placed between two plates, one fixed to the upper part 
of a solid structure, the other movable between uprights, and forced 
upwards by means of the head of the largest piston p. This latter 
descends into a cylinder full , of water, M, which commiinicates by a 

D 
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tube with a force-pump. The piston P of tliis pump receives the 
pressure to be transmitted, and acts like tlie smaller piston of the 
theoretical machine 

Let us now see, by the help of the fi^nire, how these various parts 
are arranged and w^orked. 

A B IS the force-pump worked by a lever; tlie piston P presses the 
w’ater of tlie reservoir m into the cylinder M Tlie pressure exerted 
by the liquid is transmitted to the piston ]*, and aiterwwds to the 
substances jilaced upon the pLite r 
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To prevent the escaj»e of watei IIiioukIi the cracks of tbejoints 
of tlie jnston r and from the eylindeis, Biamah conceived the idea of 
reserving in the walls of the cylinder an amnilar space, a h, and of 
filling this space with a piece of leather cut first into the form of a 
fiat ring and then bent over — that is to say, it took the form of an 
U reversed, as seen in Fig. 14. The water which penetrates below 
this ring in the annular space exerts its pressure on the lower 
surface of the leather; and the greater the pressure, the more 
forcibly is the ring applied both against the upper surface of the 
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cavity and against the piston itself, and tlie closer therefore is 
the joint. 

Tlie pressure, slight at the corarncncement of the operation when 
the substances to be pressed are still not firm, continues to increase 
until the degree of j)ressiire wished for has been obtained. This 
result is brought about without the necessity of modifying the force 
used : tlie arm of the })um])-lever is simply shortened. The pressure 
primarily depends on the relation of the surfaces of tlie pistons and 
on the length of the lever-arm used in the w^orking. Thus the sur- 
face of the piston p is fifty times that of the piston and the distance 
from tlie ])oint h, where the force is exerted, to the point G, on whicli 
the lever turns, is ten times lai’ger tlian gh, the total transmitted 
])ressure is 50 x 10 or 500 times that of the pressure ajjplied. If tjiis 
equals 100 kilogranimes, tlie pressure exerted will be 500 x 100, 
or 50,000 kilogrammes, allowance being made for loss by friction. 
Hence it follows that, to diminish this pressure, w’e only need to 
lengthen the distance G H, wiiicli is easily done by changing the 
position of the axis G(}", on wiiich the lever turns; by shortening 
this distance, the jnessure is, of course, increased. 

In the })resent day, tin* us(*s of the hycb’aulic ])ress are \erv 
Aarious: it is used to extract the juices of certain plants, such as 
olives and grapes ; the oil from seeds such as linseed, ra])e-feeed, and 
castor-seed ; to press paper, stuffs, and forage intendeii to be sent to 
great distance's, and w'hich, thus compressed, occu])y much l(*ss space 
than l)efore- the operation ; it is also em]>loyed in the nianufactun* 
of w^ax candles, vermicelli, <kc. Iron chains and cables for naval 
use, and girders are submitted to tests in order to prove their resis- 
tance to strain, and these tests are applied by the hydraulic imess. 

The same machine has ])een employed to raise enormous weights 
to great heights. In this w^ay the four immense iron-plated tubes 
forming the gigantic Britannia Bridge, wdiich carries the railw'ay 
from Chester to Holyhead across the Menai Strait, w^as raised 
to the top of the piers. Nearly two millions of kilogrammes w^ere 
thus raised to a height of thirtv-three metres by steam diiven 
hydraulic presses. 

We may next refer to a recent and very ingenious modification of 
the first form of the hydraulic press. This form suppresses the force- 
pump which transmits pressure to the piston of the large press p, 

1 ) 2 
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and replaces it by the introduction of a metallic wire or rope. Hie 
wire or rope, which is thus introduced by means of tmction into the 
body of the press, conveys to the incompressible liquid in the latter 
the force necessary to introduce it, and this pressure is multiplied, as 
in the common hydraulic press, in the ratio of the sectional area of 
the large piston and of tlie wire. But how is the wire introduced ? 

In the body of the press (Fig. 16 ) is a bobbin worked from the 
outside by means of a handle ; round this the wire is gradually coiled 
from another exterior liobbin. By degrees tlie wire is introduced into 
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the liquid (generally oil) which tiie body of the press contains. Tlie 
liquid is thus displaced, and the pressure exerted, in order to make 
room for tlie displaced liquid, is transmitted equally to every part 
of the sectional area of the piston equal to the section of the 
wire. 

In this new arrangement invented by MM. Desgofife and OUivier 
there are two distinct advantages. In the first place, the compressing 
power is considerably increased, as it is possible to give the wire a 
much smaller diameter than that of the piston of any possible force 
pump, on account of the breakage which would inevitably occur in 
the case of a metal rod, if its dimensions were too small Secondly, 
the introduction of the wire in the sterhydraulic press is made 
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by winding round interior and exterior bobbins ; the movement in 
therefore continuous, whilst in the ordinary press the coiapressioii is 
effected by successive strokes. But by the side of those advantages 
there are inconveniences, which M. Tresca thus sums up in an other- 
wise favourable report to the “Soci^te d’eiicoumgement pour rindustrie 
nationale” : — 

** To make room for the interior l)ul»l)in, a much larger capacity 
must he given to the body of the press ; to transmit the movement 
an aperture must be made for the arbor, and this a})erture must be 
furnished with a very thick tow casing ; the same remark also applies 
to the aperture by means of which the wire is introduced, which 
must not allow any liquid to ooze out, as otherwise the press might 
be emptied and great diminutions of pressure take place during the 
working.*’ 

According to M. Tresca, the use of this new press would be especially 
advantageous in smaller rnecJianical operations. In great undertakings 
however serious difficulties would be met with in its use. 


]I. — AkEOMETKHS 0|{ HYDaoMETKUS. 

The story of Archimedes coining out of his batli and running 
through the streets of Syracuse, crying out, Evp^Ka, evprjKa, '' 1 have 
found it ! I have Ibund it ! ’* is well known. He referred to a pro- 
blem which King Hieron had desired him to solve. It was necessary 
to determine whether in a crown delivered to this tyrant by a gold- 
smith, as pure gold, any other metal had ])een introduced. The dis- 
coveiy of the principle of hydrostatics, which is named alter the im- 
mortal geometer, put him in the way ot accomplishing this, and he 
discovered that a certain quantity ot silver had been mixed witli the 
gold in the making of the royal diadem. It is said that Archimedes 
made little use of the practical aj)plications of geometry and the 
sciences ; but he was far from neglecting them : numerous inventions 
of this kind are on record due to his genius. To him is attributed 
the invention of areometers or hydrometers, instruments based 
directly on the principle that all bodies immersed or floating in a 
liquid displace, when C(iuili))rium is cstablislied, a volume of luiuid 
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having precisely the same weight as the weight of the body ; it is 
this same principle, discovered and demonstrated by Archimedes, 
which made the solution of the problem of the crown easy. Other 
scientific historians have considered the discoverer of areometers to be 
the beautiful and learned Hypatia, tlje unfortunate victim of tlie 
religious fanaticism of tlie Alexandrian monks. What is certain is 
that these valuable little instruments owe their actual form to a 
modern physicist, Homberg. 

We have described tlie areometers specially adapted to measure 
the density of bodies with the most perfect scientific accuracy (see 
Forces of Nature). It now remains for us to speak of the use 
made of similar instruments in the arts and manufactures in those 
cases in which the principle of Archimedes is utilized to determine 
the composition of certain mixtures. 

They are generally cylindrical glass rods, weighted at the lower 
end by leaden shots or mercury, enclosed in a globular appendage. 
The weight of an instrument thus constructed is invariable, hence the 
name of scale-hydrometer in opposition to w^eight-hydrometers ; 
the immersed part sinks lover as the liquid is less dense, because 
the liquid displaced always has a w^eight equal to that of the 
instrument. 

Pure w^ater is the liquid used for comparison . the zero of gradua- 
tion is made at the point of the stem which touches the surface. 
Instead of making one graduation only for liquids or mixtures denser 
or lighter than water, it has b('en found more convenient to construct 
two kinds of hydrometers for the tw^o series, the zero being in one 
case at the top, and in the other at the bottom (see Figs. IG and 17). 

Fig. IG represents Bauind’s hydrometers which, according to the 
uses to w hich they are put, are called alcoholometers, salimeters, acidi- 
meters, saccharometers, and vinegar hydrometers, because they are 
eniployed to determine tlie greater or less concentration of these 
fluids. 

Thus in the salimeter the zero lies at a point at the upper 
extremity of the stem. Immersed in a solution containing 15 parts 
by weight of sea-salt and 85 of water, the hydrometer sinks to a 
lower point, marked 16 ; the division of the interval from 0° to 15° in 
fifteen equal parts, and continued to the bottom of the stem, furnishes 
the graduation. 
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The extreme point of Baumd’s salimeters is 60° : tlie hydrometer 
floats with this point at the surface in monohydrated sulphuric acid ; 
36® corresponds to nitric acid and 26° to hydrochloric acid. 

The alcoholometer, called also alcohol hydrometer, spirit hydro- 
meter, and ether hydrometer, is intended to compare liquids of less 
density than that of water. It is constructed so that, immersed in 
pure water, the point to which it sinks is near the bottom of the 
stem (Fig. 17). The graduation starts from zero at this points on 
placing the hydrometer in a solution eoutainiiig 10 per cent, of sea 
salt, the difference between the two levels is divided into ten equal 
parts (degi*ees), and this scale is continued upwards fiom zero to 



r** lit I 


..0 

i 

zo 


li - 

t- 


u 

k 

l« 




In, 16 — Hjdiomftei foi 
liquids l»ea\ lei tlmii 
water 


In 17 — i f<n 
luinnlb lightei ♦ lian 
waUi 


r no 
)o 

I ^ 

in8 

0 



T ( IS - (tn> J,n«s.u s 
innl «1< oholujiutt 1 


abonl fiO°; this scale is sufficient for the requirements of industiy 
and commerce. 

The expressions: alcohol at 3C°, alcohol at 40° indicate that 
Baumd’s alcoholometer, immersed in an alcoholic or spirituous liquid, 
sinks to the divisions 3(5 or 40 of the hydrometer thus graduated. 

Hydrometers are constructed to determine the richness of vine in 
alcohol : these are called vinometers ; others to discover if milk does 
or does not contain water : these are termed lactometers. 

Gay-Lussac’s centesimal alcoholometer (Fig. 18) has a great 
advantage over that constructed by Baunni : its graduation not only 
indicates the comparative strength of pure alcohol and water in 
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alcohol, it shows in hundredths the proportion of the volume of the 
spirit to that of the water. Thus, when the instrument immersed 
in a mixtui'e marks 70°, it shows that this mixture really contains 
70 parts of pure alcohol and 30 parts of water. 

Gay-Lussac, in order to graduate this hydrometer, immersed it 
successively in mixtures containing 0, 10, 20, 30 .... 100 parts of 
pure alcohol, a delicate and laborious operation, because the mixture 
of the two liquids produces a lowering and a rise of tempemture, so 
that it was necessary to wait until the mixture had cooled to a 
uniform temperature (that of 15° C.) and to calculate the new pro- 
portion of the two volumes. 

In the United Kingdom spirit is valued for revenue purposes 
according to the quantity which it would make if brought, by tlie 
addition or abstraction of water, to a strength termed “proof”: — 
]3roof-spirit being defined by law (58 G. iii c. 28) to be such spirit 
us at the temperature of 51° Fahrenheit shall weigh || of an equal 
measure of distilled water. 


Sikes’ hydrometer and its accompanying tables are the means 
adujited for the purpose of ascertaining the strength of spirit, and 
calculating the quantity at proof for the purposes of revenue in 
n=lj ^ this country. It acts, like the saccharometer, upon 

^ { ® the principle of w^eighing tlie bulk of liquid displaced 

i by the instrument when floating in it. 

^ The instrument consists essentially of the follow- 

ing, as shown in the diagram: — BC is a hollow 

f brass ball, surmounted by a flat stem, A B, and loaded 
' below by a short conical stem, c D, terminated by the 
pear shaped bulb D. 

By means of nine w eights, ten principal divisions 
on the stem, and five subdivisions to each, it has a 
scale divided into five hundi-ed parts, and ranges 

Fiu 19— Syke’h ^ ® 

Hydromett'r from a Strength of 70 per cent, over-proof at 47*" 
Fahrenheit, or a density of *8156, down to water, or density *1000. 
One of these weights, w, is represented above. It (the weight) is 
furnished with a slit, so as to allow of it being slipped on to the 
narrowest part, c, of the lower stem. 

The instrument is so adjusted that it indicates the volumes of 
water that must be added to or taken from 100 volumes of the 
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mixture subjected to examination, to reduce it to preof-spiiit. Thus 
if the instrument indicates 10 over-proof, 10 volumes of water must 
be added to bring the liquid down to proof strength, and 1 00 gallons 
of such strength would be reckoned as 110 ; in the same way 100 
gallons at 10 under proof would in the same way be charged at 90 
The indications of the instrument referred to are of a perfectly 
arbitrary character, and reference must be made to the tables to as- 
certain the proportion of spirit they represent. It may be remarked 
generally, however, that these indications commence with zero at the 
highest strength, and that, upon an average, every subdivision of the 
scale shows a diminution of three-tenths per cent, of proof-spirit. 
This instrument is therefore greatly more exact than the continental 
one, which indicates only diflfei-ences of one per cent. Corrections on 
account of temperature are provided for by tables wherein Sikes has 
made the correction for each degree between 30° and 80° Fahrenheit. 

The centesimal alcoholometer is officially adopted in France for 
testing brandies, spirits, and all alcoholic liquors. In Germany 
Trelle’s alcoholometer, which only differs from that of Gay-Lussac’s 
by the temperature of the graduation (60° Fahr. or 15°*5 C.), is 
employed. 

It is important to remark that the diflferent instruments described 
here enable us to determine the density of tlie liquid mixtures in 
which they are immersed only indirectly. Tables however have 
been calculated giving the density for each degree. But they give 
no information as to the composition of tlie mixture which may be 
changed from its normal composition bv the introduction of foreign 
substances. 


§ III.— Water-levels.— Spirit-levels. 

The free surfaces of liquid in communicating vessels when in 
equilibrium lie in the same horizontal plane. This fundamental 
property of liquids has been utilized for making a very simple instru- 
ment, used in levelling operations. This is called the water-level. 
It is composed of a long metal tube 66, the two ends of which 
are bent at a right angle, vertically supporting two glass vessels open 
at the top. To use it, the tube is filled with w'ater, so that the 
liquid nearly fills the vessels, when the tube is arranged horizontally. 
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The line of sight along the two surfaces of the water in the vessels, 
provided that the dianieters of the glass tubes be exactly the same, 
will be horizontal. By turning the instrument on its axis in another 
direction, the new line of sight will be likewise horizontal and in the 
same plane as the first. 

By a series of experiments, which it is not necessary to describe 
here, those portions of land -surface on the same level can be deter- 
mined ; in other words, conloxir lines can be drawn with great accuracy 
and rapidity. 






I<n. M) — w.ltt 1 It 


Spirit-levels, like v ater-levcds, are used to determine the hori- 
zontality of a line or plane , but their construction is based on a 
different physical principle. 

Imagine a closed glass tube in a metal mounting, which leaves a 
part of the tube visible (Fig. 21). It is entirely filled with a liquid 
— water, alcohol, or ether (these last are preferable to water, because 



Fio 21. — Spiiit 


they do not freeze) — with the exception of a very small space filled 
with a bubble of afr or vapour. By virtue of the law of equilibrium 
of fluids of different density, the gaseous bubble will always be found 
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at the highest point of the tube. If we place the tube on a metal 
plate inclined towards the horizon, the bubble will rise to the highest 
end of the tube : it will only remain exactly at the middle point if 
the tube and the plate be in a perfectly horizontal plane ; the slightest 
inclination in one direction or the other brings it to one or other of 
the extremities of the tube ; to obviate this inconvenience, the tube 
is slightly convex at its upper part, so that the movement of the 
bubble is more rapid and decided towards this point. The horizou- 
tality of the plane of the ]»late is perfect when the bubble, after a 
few oscillations, remains so that its extremities occupy the same 
divisions on either side of the centie of the convex top ot the tube 
To make a surface horizontal it is supported on three points 
arranged at the angles of a triangle by levelling screws (Fig. 22) : 
first a true level is obtained parallel to one of the bases of the 
triangle, and by properly moiiiig one of the two screws, the liist 



F'n. 22 — lioii/oiit.il ot a jilaiu with n siniitkMl 


Itorizontal line is olitained. Then placing the l(»vel at right angles 
to its first position, the third screw is used to obtain horizontality in 
the new direction. The plane of the surface is then necessarily 
horizontal, as tw^o lines at right angles wdiich are horizontal lie in it. 

When spiiit is employed instead of w^ater, much inoie accurate 
observations are obtained ; hence spirit is used in preference in geo- 
detic experiments and in levelling operations of importance, such 
as the attachment of a level to an equatorial telescope to enable it 
to be used as a transit instrument. All instruments of precision in 
which certain portions must retain an exactly horizontal or vertical 
direction during the observations are furnished with spirit-levels. 


^ jV—AmsiAS Wklls— K urxrALVH. 


Tlte construction of arfesian wells is also based on the principle 
of tbe equal llei^fl)t of liquids in communicating ^esseI8. It is true 
that this condition is not the onlj one to be inquired into, and that 
JenowJedge of the geological strata and of deep springs is also indis- 
pensable. Jiut we shall confine ourselves, in what we shall say 
relating to this important scientific application, to the point touching 
the corresponding chapter of physics. 

I/)ng before science had attained its present accumey, fountains 
or artesian wells existed. The ancient Egyptians and Chinese knew 
how to bore wells whence the water rose and came out in the form of 
jets or flowing rivulets. In France, the ancient province of Artois 
long ago possessed wells of this kind, and hence the origin of their 
name. Tlieory accounts for their occurrence in this way : — 

If we take a tube with two arms curved like a U, the w’uter 


poured into one of the branches runs into the other, and, as soon as 

equilibrium is cblablishcd, the level oi 
. . the w ater is the same at « and 6, that 

is, in both of them. Let us now sup- 

I I jrf! I branches is shorter 

I ; I ' tlian the other and closed by a cock — 
H g I I that the longer branch is surmounted 

H y i I l»y a reservoir tull of water. If the 

0 S ^ A water in this exceeds the 

S H I W distance by c d the level at the top of 

shortest arm, the liquid will exercise 
„ „ „ a pressure on the bottom equivalent to 

artesian wriu weight of a coluiup of Water of 

the height cd ; so that if by opening 
the cock this pressure be permitted to exert itself freely, it would 
force out the liquid to a height W'hich would be equal to c d, 
if the resistance which friction against the sides -of the tube and 
the air displaced by the jet opposes to its movement be regarded ; we 
must suppose also that the reservoir has such a capacity (if it be 
not fed by a constant source) tliat its level does not itself vary 
to any perceptible degree during the experiment. 
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We see, too, that on this property of the equilibrinra of liquids 
in communicating vessels the construction of artificial fountains 
which adorn parks, gardens, and public places, &c., as well as natural 
springs themselves, depend 



Fig 24— a fountain 


Now an artesian well is nothing more than an aperture made 
through the upper strata of the earth and descending to different 
depths, according to the geology of the district, to search for sheets ot 
subterranean w^ater iinpiisoned by beds impenetrable to water These 



Fio 2r) — Geolc^ial section of the haain of the Seme, between Pane and Langies 


sheets of water follow the windings and inclinations of the strata ; it 
is necessary, in order that the water should rise in the wells, that 
there be between the point attained by the boring and the level of the 
sheet of water a certain difference of height. An example of this fact 
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is seen in the geological section of the strata which constitute the Paris 
basin, stretching from Paris to the upper level of the basin, at the 
plain of Langres. The beds of water-bearing sand which are met witli 
at depths of 548 and 570 metres, in the case of the borings of the 



Fio *26 —ArtfHiaii well at Pai 

artesian wells of Grenelle and Passy, are covered by a series of rocks, 
principally a bed of chalk of considerable thickness. All these 
layers, gradually rising to the surface, come out at points by so much 
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the more distant as their depth is greater. The water-hearing sand 
does not show itself nearer than the plain of Langres. Along the 
whole extent of the basin where this cropping up to the surface 
takes place, the sand-beds receive the rains which filter and descend 
through their whole depth, thus constituting a succession of im- 
mense curved tubes in which the water is more and more com- 
pressed. It is easily seen therefore that in boring a well at a point 
where the altitude is low^er than that of the surface which receives 
the rain, the water will rise in the well and will spout out above the 
ground as soon as the depth of the boring is sufiicient to reach the 
water. At Passy, the water rises, as shown in Fig. 2(3, to a very con- 
siderable height, the delivery being not less than 17,000 cubic metres 
in twenty-four hours. 

The process of l)oring, although it is in the present day greatly 
improved, does not prevent serious difficulties being encountered, 
when artesian w'clls have such great de]>th as those of the Paris basin 
just mentioned. If the drills, the boring bits, or their rods (which 
are the tools used to bore the rocks and draw up the debris to the 
suiface) happen to break, it often requires very long and expensi\e 
operations to free them.^ 


§ V. — ThePii^eitk. — TheMa(;i(^ Fr^^;ELA^J) IiNEXiiArsTumE Poitjj-: 

We described, when dealing in the Forces of Nature with the 
Syphon, an interesting and useful experiment, showing how the pres- 
sure of air might be brought to bear on the flowing and decanting 
of liquids. The pipette is a little instrument answering a similar 
purpose. It allows us to draw^ into another vessel a portion of liquid 
contained in a vessel which w^e are unwilling to disturb. It is a tube 
with a tapering end of tin or glass; this is immersed in the li<juid, 
and is filled either by simple communication or by aspiration. 

Once full, the* pipette is held as is shown in Fig. 27, by jdacing 
the finger on the upper opening ; then on withdrawing it from the 
vessel, the atmospheric pressure which is exercised on the liquid at 

^ Fora detailed description of the boring of an artesian moU, we must refer to 
special works, among which is the (Juide du Sondeui', by M. Degousee, and 
V Hydraulif^ue, by M. Marz> {Bihl des Merveillea). 
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the taper end is sufficient to hold it in the tube ; but if the finger is 
raised and air is admitted, the exterior pressure on the inner surface 
at once counterbalances that on the lower level of 
the liquid, and the liquid flows out by its weight. 

It is also possible to stop the efflux of the 
liquid or recommence it at pleasure by the simple 
movement of the finger. This is done by those 
who show amusing physical experiments with 
the magic funnel or the inexhaustible bottle. We 
can easily account for the working of these. 

Fig, 28 represents the magic funnel. It is a 
double funnel, the inner and invisible cavity is 
tilled with a liquid, — wine, for instance. A small 
opening, worked near the handle, is closed or 
opened with the thumb, and a small inner hole 
connects the cavity full of liquid with the visible 
inner tube of the funnel. When the thumb is 
lifted, the wine runs out. The flow of the liquid 
ceases at the will of the operator, if he closes the 
upper opening. 

If water is poured into the visible space of the funnel, pure 
water will flow out, or a mixture of water and wine, according as tlie 



Fio 27 — Pip<*tte 



Fio 28. - 'Hie magic funnel. 

opening of the handle shall he closed or open. The spectators tlien 
believe that water or wine may he made to flow from the magic 
funnel at pleasure. 
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The inexhaustible bottle is a bottle of many compartments, each 
of which is filled with a different kind of liquid. Each compartment 
communicates with the exterior by a small hole worked through 
the side of the bottle, which the operator opens or shuts at jdeasure 
with the fingers. He can then pour out the kind of wine that he 



1 H, —The luexliAUsttible bottle 


pleases or that the spectator asks for, or even make a mixture by 
pouring out two or three liquids at a time. 

These amusing physical experiments are principally based on the 
action of atmospheric pressure, of which we will now study the 
more serious and especially the more useful applications. 


K 
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CHArTER III. 

PUMPS. — ATMOSPHERIC RAILWAYS AND LETTER TUBES. 

§ I. —Pumps. — Atmospheric Pressure Employed in the Elevation 

OF Water. 

A PUMP barrel, or cylinder, in which a piston causes a vacuum 
by an up-and-down movement ; a pipe of more, or less length, 
communicating at one end with the lower part of the body of the 
pump, and at the other with a reservoir of water or a well, in which 
pipe the air is rarefied at the same time and by the same action as 
the air in the body of the pump. Such are the principal parts of the 
suction-pump as it is used in numerous instances, and principally for 
domestic purposes. The principle on which the raising of the water 
depends is, as indicated in the Forces of Nature, that of atmospheric 
pressure, which exercises its whole force on the surface of the water 
in the reservoir, whilst it is nil, or at least reduced, in the interior of 
the pipes and in the portion of the pump situated below the piston. 

Fig. 30 shows how a pump of this kind is generally fixed above 
a well when the depth of the well is less than 7 or 8 metres below 
the point where the water flows from the pump. It will be seen 
by examination of the drawing how the up-and-down motion of the 
piston first exhausts the air in the cylinder and then continues to 
raise the water. In the piston is a valve, or in other words a door 
opening upwards only ; at the bottom of the barrel is a similar valve 
which also only allows a passage in one direction. When the piston 
descends, the air or water in the barrel is compressed between it and 
tile bottom valve, and not being able to escape downwards it parses 
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upwards through the piston. When the piston rises the valve which 
it contains closes, the fluid above it is lifted up and a vacuum is pro- 
duced in the barrel which is immediately filled by the fluid in the 
pipe raising the lower valve and rising into the barrel. Theoretically, 
the water ought to rise in the suction-pipe to a height of 10'33 
metres when the barometric pressure is 760 millimetres; but, in 
reality, the rise is much less, as the apparatus does not act with 
the perfection which is necessary. There are escapes at the joints, 



Fio 30 — Sui tion pump 



Fio 31 —Suction and Foice pump. 


moreover, the water contains air in solution, in the form of bubbles, 
which destroys the vacuum. The movement of the water itself, the 
friction of the liquid against the sides and its disturbances, causes 
losses of power, and the height to which it can be brought is very 
often reduced to the 7 or 8 metres of which we have just spoken. 

If the depth of the well is greater, the suction-pump is not 
sufficient ; its action is completed by an arrangement which forces 
the water to a greater height, and thus conducts it from the point 

E 2 
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whither it is brought by suction to the place where it is required. The 
pump is then both a suction and force-pump. In Fig. 31 is shown' 
the kind generally adopted for deep wells. It is simply a force- 
pump, the pump-barrel of which is fixed in the interior of the well 
at a sufficient depth for the w’ater to be sucked into it in the manner 
just described. Thence it is forced up at each upward movement 
of the piston into a reservoir, also placed in the interior of the well, 
and into a pipe which connects this reservoir with the exterior part 
of the pump. When the piston descends, the w’eight of the water 
closes the tipper lateral suction-valve ; this prevents the return of the 
w’ater into the pump-barrel. In this manner, after a certain number 
of strokes of the piston, which are necessary to fill the machine, the 
water is poured out ‘intermittently by the tap. It is clear that this 
arrangement will enable water to be forced to any height — to raise 
it, for instance, to the different floors of a house. 

Numerous and various forms and arrangements are given to pumps 
and the different parts which compose them, the detailed description 




Fig. 81 —Donlile- action pump 
(sectionX 


Muerftt 



Fia. 88. Another form (Owen’e) of double action- 
pump (aection). 


of which would occupy volumes; but these details, which are all 
based upon the physical principle to which we have referred. Avould 
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not present any interest here. Sometimes these modifications depend 
upon the particular employment of the pumps ; in other cases, they 
result from the way in which the inventor has re-arranged them to 
remedy some particular inconvenience, or to obtain some special 
advantage. In order to avoid the intermittence of the jet, double- 
action suction and force-pumps are sometimes constructed. These 
are arranged so that the suction 
and the forcing of the water is 
done at the same time, both 
during the rise and fall of the 
piston. In these machines, the 
piston is solid, and the body of 
the pump is pierced with four 
openings, furnished with valves, 
as shown in Figs. 32 and 33. 

During the ascending move- 
ment of the piston, the valve a 
is opened, and a certain quan- 
tity of water is introduced by 
suction into the lower part \ 
of the pump-barrel; the valve 
B is closed by that which the 
forcing-pipe c' already con- 
tains ; on the other hand, the 
valve a' is opened, and gives 
passage to the water contained 
in V above the piston ; and this 
uater is forced towards c'; 
finally, the pressure of this 
water shuts the valve b'. 

During the descending move- 
ment of tlie piston, the parts fiq 84 — Common pump, with hamUe and le^er 
act in an opposite direction : 

the valves A and a' are closed, B and b' are open, so that the water 
is sucked up at the top and forced up at the bottom. The jet is then 
nearly continuous ; but it is easy to understand that the working of 
the lever-beam or handle requires double strength. This kind of 
pump is specially used for draining purposes, and in that case a 
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handle or beam is fixed to the machine, worked by two or several men, 
or the pump is driven by a crank connected with a steam-engine. 

The kind of motive power which gives the up-and-down movement 
to pumps may also be very various. Ordinary pumps, intended for 
domestic purposes, and of small sizes, are fitted with levers, oscillating 
on a fixed point, moved by the arm or by a wheel turned by the same 
means. 



Vio Piimn witli crank and fly-whcol 


Fia 86.— Bramah’s oscillating pump — C, a, 
a\ suction tube and valves — A, A\ spaces 
separated by a partition. — DIP, piston os- 
cillating round the axis O’.— Om, handle 
giving movement to the piston. 



But wlieii more considerable strength is required for powerful 
pumps, the motive power is sometimes a horse-power machine, some- 
times steam, and sometimes the force developed by a fall of water. 
The elevating machine at the bridge of Notre Dame, pulled down 
several years ago, was a pump moved by means of hydraulic wheels 
fixed at a point of the Seine where the rapidity of the current gave a 
considerable disposable force. In the old machine at Marly, which 
raised the waters of the Seine to the royal casties of Marly and 
Versailles, by giving motion to 221 pumps, fourteen were of the samo 
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kind, hydraulic wheels being used. At the present time, the new 
wheels, only four in number, and each setting in action four horizontal 
pumps, furnish a quantity of water much greater than that given by 
the old machine. This may serve to give an idea of the perfection 
now arrived at in mechanical constructions during the last two 
centuries. The Chaillot pumps are moved by steam. A steam- 
engine, established 100 metres from the banks of the Seine, also 
works the pumps supplying water to the town of Fontainebleau. The 
immense draining works undertaken in Holland have been a long 



pio 37 —The now water wiieela and pumps at Marly 


time worked by pumps, with wind for motive power. In 1840, more 
than 2,500 windmills were still used for this purpose. At the same 
time the draining of the Lake of Haarlem was undertaken with the 
help of a steam-engine of 350-horse power, which worked eleven 
pumps. The mean clearing was 475,000 cubic metres every twenty- 
four hours.* 

* For more details on works of this kind, undertaken by the aid of pumps or 
other wmilar machines, the interesting work of the BibKothiqve det MerveiUu, on 
Hydraul%ei, by M. Marzy, may be consulted. 
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In the pumps used in large hydraulic works, the different parts 
must necessarily be constructed with great solidity, on account of the 
considerable pressure and resistance to which they are subjected. 
The piston is then generally a massive metal cylinder, as represented 
in Fig. 38. It is then called a plunger. It will be seen that on 
each side of the pump-barrel is a valve, opening upwards. One 
of these, to the left of engraving, admits water into the barrel 
while the plunger is making its upward stroke, while the other 

opens as .soon as the plunger 
begins t(» descend, and allows 
the water to escape into the 
delivery pipe. 

The mechanism which draws 
up the water in suction pumps 
is not always a piston moved 
alternately upwards and down- 
wards in a cylindrical body, 
and making the vacuum from 
the side of the pipe which 
brings the liquid. In certain 
pumps called oscillating pumps, 
there is a fixed blade, oscillat- 
ing on an axis, which acts as 
]iiston, and both sucks up the 
water by causing a vacuum by 
one of its arms, whilst it 
presses the water already 
brought by the movement of 
the other part. Fig. 39 repie- 
sents a Bramah’s oscillating 
pump, and clearly shows the action of the movable piece and 
valves. 

In rotatoiy pumps (Fig. 39 gives a cut of Stoltz pump) the suction 
pipes c and forcing pipes c' are connected by two openings a and a\ 
with a circular drum a, in the interior of which a ring, concentric with 
the drum B, is in motion. Four blades p, p^ p, p, rest both on the 
interior surface of the drum and on the surface of an eccentric ; 
closing hermetically the circular space, and consequently producing the 



Fio. 38.— *Plun{jer ptiinp 
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vacuum behind them by pressing the water forward, thus acting as so 
many pistons. 

Behrens' rotatory pump (Fig. 40) 
which works also as a steam-engine 
(see chapter devoted to steam-engines), 
is a much more simple construction. 

Any motive power, steam for instance, 
puts in motion an arbor which, by a 
system of cogged wlieels, moves in con- 
trary directions the axes r, of two 
pistons. These turn in the interior a 
drum communicating with the suction- 
tube B and tlie ejection-tube d. Each 
piston E, f/, has the form oi a portion 
of a massive crown which leaves free a 
circular space a'. When this space 
falls opposite the suction orifice, the 

increases more and more the free space 



Fm 89 — StolU h pump 


behind it ; a vacuum is gradually developed, and a certain quantity ot 
water fills it. 



Pio 40 — Behrens* rotatory pu np phase* of the rotatory nioxenient 



SB 


THE APPLICATIONS OF PHYSICAL FORCES. t. 


Daring this time, the other piston ejects through the conducting 
pipe the water already inside. At each half tarn the two pistons 
change their functions ; that which drew up ejects and vice verad, so 
that the pump is to a certain extent a double-action pump. The 
double action is easily seen by examining what happens during 
an entire rotation by comparing, for instance in Fig. 39, the respective 
positions of the pistons and the spaces a, a', after each quarter turn. 

Perhaps the most important form of rotating pump is that known 
as the centrifugal There are several varieties of this system, bixt 
the principle on which they all act is identical. The pump consists 
of a circular chamber in which revolves with great rapidity a wheel 
or fan, the arms of which curve outwards, so that all the air or water 
contained in the chamber is driven by the so-called “centrifugal 
force ” away from the centre. The delivery pipe is therefore placed 
at the circumference of the chamber and tlie fluid is sacked in at its 
centre. It will be seen that these pumps do not produce a complete 
vacuum, and therefore are not suitable for drawing water long dis- 
tances ; but owing to their simplicity they are of great use for raising 
large quantities of water a short distance, as, for example, in draining 
marshy lands. They are generally driven by steam power. 

It only remains for ns to complete all that relates to this head, to 
speak of force-pumps, although as we have before stated, their 
construction is by no means based on the principle of the action of 
atmospheric pressure. 


§ II. — Fire-engines. 

Fire-engines and pumps used for watering gardens are of the 
kind we have, defined as force pumps. 

Hand fire-engines (Fig. 41) are generally composed of two force- 
pumps joined together, and connected with a reservoir, which is filled, 
either by pails (and the formation of a chain of men to pass them) or 
by pipes connecting them with the water supply of towns. They are 
work^ by a lever to which are attached tiie rods of the two pistons. 
These move in contrary directions, so that the water is forced 
cdntitinously into the space in which the ejection piston descends 
This space contains air, which, being compressed by the water with 
which it is continuously supplied, exercises a pressure on the liqtiid ; 
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it is therefore named the air-reservoir. The velocity with which the 
water escapes from the hose depends on this pressure, and as this only 
varies slightly if the air-reservoir is of sufficient capacity, it follows 
that the discharge from the jet is nearly constant. 

A steam fire-engine consists of a steam-engine, pump, and boiler, 
fixed to suitable framing, and mounted on wheels and springs. 'J'here 
is a box to contain hose and implements, which also serves as a seat 
for the firemen and driver. The whole machine is of the lightest 
possible construction consistent with strength and durability, and is 
readily drawn by a few men, or, for greater distances, by a pair of 
horses. 



41 —Hand lIUMMigine with le\pi 


Steam fire-engines comprise three classes : Land, Floating, and 
Fixed. The appearance of the Land steam fire-engine is now familial’ 
to all the dwellers in our large towns, most of whom have seen it in 
its rapid progress to a fire, drawn by horses, and carrying its com- 
plement of firemen with hose and implements. 

Floating steam fire-engines are a desirable acquisition in ports and 
docks, where warehouses and stores of goods are in proximity to 
water. They are made self-propelling, or are placed in a vessel to be 
moved about by steam-tugs. 

Fixed steam fire-engines are placed in manufactories, or other 
places where steam boilers are already in use, the steam from which 
is available both day and night for working the engine. 





PLATE II -SMD VIEW OF SHAND AND MASONS EQUILIBBIUM FIRE ENGINE 
C) linden abo^e Pumpf below 
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The best steam fire-engines of all descriptions are those in which 
the force-pumps are direct acting, the steam- and water-pistons being 
connected by rigid rods, without the intervention of any joint, so that 
the force communicated by the steam to the steam-piston is instan- 
taneously transmitted to the water-piston without any shock or blow. 

We give in this place a drawing of one of the most powerful 
steam fire-engines known — Shand and Mason’s P'quilibrium fire 
engine. The special arrangements of the pumps will be seen from 
the accompanying woodcut. For these engines it is important that 
steam should be got up at once. In the “ equilibrium ” engine, by 
means of a special arrangement of boiler, to which we, shall refer 
hereafter, steam of 100 lb. pressure can be got up in 6J minutes. 
Great economy of steam, and consequently of boiler space and fuel, 
is thus obtained, and the weight of the w'hole machine is greatly 
reduced. 

The engine will throw a jet through a l|-inch nozzle 130 feet 
high, throwing in 17J minutes nearly 7,000 gallons of water. 

The equilibrium steam fire-engine is fitted with a set of treble 
pumps, worked directly by a corresi)onding treble set of steam- 
cylinders, by the use of which a perfect uniformity is obtained in 
the flow of water through the hose- and suction-i>i})e8, avoiding all 
shocks to the engine or pipes, and j.roducing jets quite as steady as 
those obtained by pressure from gravitation. The use of the three 
steam-cylinders, besides secviring the above advantages, enables the 
fly-wheel to be dispensed with, but the crank and rotary motion is 
retained, as all other substitutes have failed in securing a fixed length 
of stroke of piston. 

In the horizontal fire-engine the an-angenients are somewhat dif- 
ferent. They will be understood from the accompanying section, p. fi2. 

c, a slotted cross-head formed by the ends of the piston-rods ol 
steam- and water-cylinders, and containing the sliding bearings 
of the crank D, to which it communicates a rotary motion ; L, the 
auxiliary cylinder, with its piston M, fixed on a, the slide-valve rod ; 
H, the slide-valve of the main cylinder, the frame of which moves the 
slide-valve K of the auxiliary cylinder; N, a ratchet lever to enable 

the engine to be moved round by hand. 

Bi,the valve-box cover of the water-cylinder, which, when removed, 
allows the four India-rubber valves w’ith their seats and guards to 1)e 
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withdrawn ; these valves are all of one size, and flat, so that either 

f side may be used, they are 

retained in position by the 
set screws c' ; the delivery 
air-vessel; the dotted circle T 
shows the suction inlet ; x, the 
flange to which the double 
delivery-outlet withstop-valve 
is attached ; v, the piston of 
water-cylinder with its double 
leather cap-packing to which 
access is obtained by the cover 
^ z ; YY screwed plugs at ends 

^ of water-cylinder. 

The novel feature in this 
engine is the retention of the 
crank to terminate the stroke, 
\ combined witli the absence of 

— j-J pjyl M ""i the fly-wheel ; the crank D is 

moved over the dead centres 
by means of the piston M, of 
W 1 the auxiliary cylinder L, com- 

municating motion by the 
piston-rod and small slotted 
JGL cross-head o to the short 

I crank r, which is in one piece 

main crank n, and at 

stoker, who rides be- 

« .no*. . Wild to attend to the 

Flo. 42.— Section of tbe honzontal Hteam flre-engiiie, allowing 

the arrangement of the force-pumpe. ^j. 0 ^ period Of 
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lighting the furnace is calculated from the time necessary to reach 
the scene of fire, bearing in mind the time that it is required to obtain 
steam of 100 lb. pressure. When arrived at the fire the engine is 
placed in a convenient position for working near the water, witli the 
fore carriage moved round at right angles to give greater steadiness ; 
the necessary lengths of suction-pipe are then connected togetlier 
with the strainer at one end (entirely iininei*sed in the water) and 
the engine at the other. 

The importance of these applications for populous towns wlieixi 
the violence and extent of fires require prompt succour and efficient 
means of extinction requires no comment. 


§ III. — Pneumatic Machines, or Gas or Air-Pumps. 

Pneumatic machines are really air or gas pumps, with the 
peculiarity that the fluid which they draw from a hermetically 
closed space and force to the exterior gi’adually diminishes in density 
without, however, bringing this density to zero, that is to say, without 
producing a perfect vacuum. Scientific experiments require air- 
pumps to be constructed with great exactness, in order that the 
exhaustion obtained should approach as near as possible to a vacuum. 
With the most perfect of these instruments the pressure of gas or air 
which remains at the end of the experiment in the receiver may be 
reduced to 0*1 millimetre. But it is not necessary to obain such a 
perfect vacuum in industrial applications, and it is then more 
advantageous to make use of an air-pump, invented and constructed 
by M. Deleuil, an ingenious maker of delicate instruments of 
precision. Plate III. gives a view of tliis machine, and in Fig. 43 
the piston and barrel are drawn on a larger scale. It differs from 
ordinary air-pumps by the introduction of an interesting and original 
principle. The piston (instead of being lubricated with oil in order 
that a perfect contact between its surface and that of the pump- 
barrel may prevent all escape of air) in reality does not touch the 
pump-barrel at all; it is moreover furrowed wdth parallel and 
equi-distant grooves. The very small interval (0”““'02) which the 
constructor thus leaves between the two surfaces is filled with a thin 
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stratum of air. Now, experiment 



FUf 4Ji.— Pwtoii of M Dt'lt'uil’M air-puinii 


proves that the adherence of this 
gaseous pad to the surface of the 
piston is such, that it replaces the 
oily eubstance with which the 
piston is generally covered ; in a 
word, its presence is sufficient to 
intercept all communication be- 
tween the spaces of the pump- 
barrel above and below the 
piston. M. Deleuil at first gave 
to the latter a height double 
its diameter, and he obtained a 
vacuum from 8 to 1 8 milli- 
metres according to the capacity. 
Since his first experiment, al- 
though he has given to the 
diameter of the piston a value 
equal only to its height, he has 
been able to obtain a vacuum 
of 2 to 3 millimetres in a 
capacity of 14 litres ; in a 
quarter of an hour, he has ob- 
tained a vacuum of 10 milli- 
metres in a receiver of 250 litres. 


§ IV.— Atmospheric Railways. 

One word now on the industrial application of air-pumps. One 
of the most important has been the use that has been made of them 
on some railways to obtain motion without the hel]) of locomotives. 

The jirinciple of this application is very simple. Along the 
whole length of the railway a tube or metallic pipe is fixed, in the 
interior of w'hich a piston can move. By the aid of an air-pump, a 
vacuum is made in the tube on one side of the piston, the 
atmospheric pressure being exerted on the other side on its surface ; 
this causes the piston to which the train is attached to move. 

The idea of making use of atmospheric pressure as motive-power 






CHAP. III.] 


ATMOSPHERIC RAILWAYS. 


67 


is old ; it goes back to the first experiments of the inventor of the 
air-pump, Otto von Guericke. In 1810, a Swedibh engineer, 
Medhurst proposed to transport merchandise, parcels, and letters, in 
a tube ill which a vacuum was made ; then, to communicate the 
movement of the piston to carriages passing outside the tube. In 
1824, an Englishman, Wallance, had the idea of transmitting 
atmospheric pressure directly to the carriages which must then 
travel in the interior of the tube where the vacuum is produced. 
The first atmospheric railway was constructed in 1848, in Ireland, 
nearly three kilometres in length, between Kingstown and Dalkey. 
The engineers Messrs Clegg and Samiida again took up Medhurst^s 
system, with improvements. Many other trials were made in 
England and in France, and on part of the Paris line to Saint- 
Germain. In the present day, all atmospheric railways have been 
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abandoned, not that the mechanical working has proved bad, but 
because, in an economical point of view, this mode of traction has 
turned out inferior to that of locomotives ; it was much too ex- 
pensive. The invention of mountain-locomotives for ascending 
steep inclines has consequently forced the plan of whioh we have 
just spoken to be abandoned. 

Fig. 44 represents a section of the tube (of sixty-three centi- 
metres diameter) in the interior of which the piston travels, in the 
atmospheric railway of the Pecq at Saint-Germain. This tube, fixed 
in the centre of the railway, was pierced by a longitudinal slit 
through which the metal plate or rod fastening the piston to the first 
carriage passed. In front of the piston, that is, on the side of the 
vacuum, the slit was closed by a band of leather furnished with short 
iron plates acting as a valve, and a series of rollers of decreasing 
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diameters, carried by the framework of the piston, raised this valve 
in proportion as the plate joining the rod of the piston to the train 
advanced. 

The vacuum was made in the tube by air-pumps, composed of 
four pump-barrels worked by a steam-engine. The dimensions pf the 
tube and the machines were calculated so as to give a velocity of one 
kilometre per minute, supposing a train of fifty-four tons, with 
an exhaustion of one-third of an atmosphere. 



CHAP* IV.] 


APPLICATIONS OF COMPRESSED AIR. 


09 


ClIArTER IV. 

INDUSTRIAL APJ*L1(\VTK)NS OK (OMPRESSKI) AIR. 


§ 1. — The AiR-(fUN. 

TTTE have just seen how atnios])heTi(* pressure may be utilized as a 
f V motive power. For that purpose it is sufficient to make a vacuuiu 
by means of air-pumps in the space through which the vehicle is to l)e 
moved ; thus establishing a difference in the pressures exercised on 
the different sides of the moving body regarded as a piston. Tliis 
difference of pressure can be obtained in anotlier way; instead of 
rarefying the air in front, it can be compressed behind. The elastic 
power with which this air will be pressed against the walls will then 
be useful in different ways, and give rise to applications, to the 
most important of which we are now about to refer. 

We noticed in the Forces of Nature the arrangements given to 
machines used to compress air or othei gases. These are pumps 
which only differ from air-pumps in the working of the valves 
which are reversed. 

The air-gun is one of the oldest applications of compressed air. 
The invention dates as far back as 1560, and it even appears that the 
ancients knew of a similar machine, as, according to Philon, Ctesibiiis 
made a tube out of which an arrow w^as sent by means of compressed 
air. However that may be, the air arquebus had been for some 
time in use in the army. In the present day it is only looked upon 
as a curiosity. The mechanism is as follow s. 

The butt-end of the gun is hollow and of metal ; inside this is the 
reservoir in which the air is compressed by means of a force-pump. 
Formerly this was placed in the butt-end itself, and the reservoir 
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of compressed air was the circular space comprised between the ban el 
of the gun and a cylinder of much stronger make, which enveloped it. 
The butt communicates with the stock or part of the gun where the 
j)rojectile rests, by an orifice furnished with a conical valve s, which 
the compressed air constantly keeps shut, but which may be opened 
by the working of the mechanism of the lock repiesented in detail in 
the figure. 

By j>ressing Ihe tiigger d, the cock falls on tlie piece e, the lower 
part of vhich pushes a rod, tt\ communicating with the valve, which, 
with this sudden impulsion, suddenly opens A portion of the com- 
pressed air escapes from the butt-end and projects the ball with a 
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forte which depeiicis upon tlie jiressure of the air by which the air-guii 
is charged. Generally this pressure amounts to 8 or 10 atmospheres 
As only a small cjuantity of air escapes at each discharge, several 
successive shots can be discharged. In old air-guirs the balls were 
p’aced in a little reservoir furnished with a stop-cock, and, as one 
shot was sent off, the stop cock was opened and a fresh projectile 
placed in the stock It is easily understood that the force of pro- 
jection diminishes as the reservoir of compressed air is emptied, so 
that after a few discharges it is necessary to charge the gun afresh, 
that is to say, to compress the air 
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The air-gun produces a noise, but much less than that of fire-arms 
of the same size, and a light is visible from the gun, which may be 
due to the ignition of the solid particles suddenly shot out by the 
aerial current ; but, according to M. Daguin, this effect proceeds from 
the electricity developed by the friction of the wad and of tlu^ 
particles in question against the inner walls of the barrel. 


§ IT. — The Bokino of Titnnels by ('ompressed Aui 

In contemporary industrial woiks the power of compressed air has 
been and is still utilized in various ways. We will mention the most 
lemarkable examples of this application. 

In the first rank wo must mention the boiing of the immense 
tunnel ’svhich runs through the Alps, a little to the south of Mont 
Cenis, and joins the stations of Bardonncche and Modane, the 
extreme stations, the one French and the other Italian, belonging to 
the Victor-Einmanuel line. In this there were 12,000 metres of 
archw^ay to open through the rock, at depths which j>re\ented the use 
of the ordinary process for boring tunnels, that is, by shafts sunk 
from above along the line of the intended tunnel. 

The boring of this long tunnel could only be done from two opposite 
points : it appeared almost impossible to use steam and powder for 
excavating and for breaking down and crushing the rocks, because in 
proportion as the miners advanced further into the mountain the diffi- 
culties connected with the ventilation of the workings w^ould increase, 
the air being vitiated by the mi.\ture of the gases of the powder anti 
steam, by the burning of fires and lamps, and by the carbonic acid 
given 00* by the workmen. The engineers^ determined to adopt an 
idea which Collation and, later on, Caligny had put forw^ard — that of 
employing compressed air as the motive power of the machines to be 
used for boring the rock. The compiession-pumps, or machines 
employed to compress the air in the reservoirs or receivers, themselves 
borrowing their power from a neighbouring fall of water (the stream 
from Melezet to Bardonncche, and at Modane the little river of Arc). 
At the commencement, the air-compiession pumps, thus called from 


^ MM. Rommciller, fTrandis and Orattoni. 
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M itli valves for forcing the air into the receiver; were used. Tlje water 
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from the fall came through the pipe A, the valve a of which was 
alternately opened and closed, whilst the valve h of the pipe li was 
itself closed and oi)ened ; a special little machine produced the 
working of these valves. Finding a opened and r sliut, the water, 
with its acquired velocity, i)assed through the tube C, and, by rising, 
compressed the air brought from the outside by the valve e, Tliis one 
w’as closed, whilst the air, more and more compiessed, forced the 
valve d and introduced itself into the receiver K. Thou the valve h, 
on being opened, whilst a wan closed, the water escaped by tlie pipe 
11, c being opened and admitting a fresh quantity of exterior air, 
another arrangement compressed it and introduced it again into the 
receiver li. 

Since then, engineers have substituted double-action compression- 
})unips for the hydiaulic rams They are of much more simple con- 
struction and require less power. The following are a few^ details of 
the way in which these machines Avere w^orked at Modane 

Twelve compression-pumps received their motion from six hydrau- 
lic wheels put in motion by the fall of the Arc. Each of them con- 
sists of a piston which receives backward and forward movement in 
a horizontal cylindiical body. At thetw^o extremities of tlie cylinder 
are fixed two vertical tubes, each furnished with two valves: an 
admission valve, which is at the low^er part of the conically formed 
tube, w^hich admits the air from the exterior, and a valve introducing 
the compressed air by the ascending of the w^ater and allowing it to 
penetrate into the corresponding reservoir 

The movement of the piston, by forcing the water into one of 
the cylinders, lowers its level in the other. The air U then com- 
pressed in the first and rarefied in the second. 

Taking into account the losses occasioned by escapes, the twelve 
compression-pumps compressed in the mean, in twenty-four hours, 
llf),000 cubic metres of air at the ordinary pressure, and the pressure 
at which this air was supplied to the perforating machines attained 7 
atmospheres. 

Such a considerable quantity of air wrould not have been necessary, 
if the boring machines alone had had to be put in motion. In fact, tlui 
tube which conducted the compressed air from the compression reser- 
voirs at the bottom of the gallery both supplied power for the perforating 
machines, and air for the w'orkiiigs of the wdiole tunnel. 
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'A word DOW on tlie perforating machines. They weie placed to the 
number of ten on a carriage free to move, forwards or backwards, on 
mils , a second velncle, a kind of tender behind this, carried tlie 
leservoirs ot water and compressed air (s>ee Plate IV) The com- 
pressed air, introduced through a ,box in a cylinder furmshed with a 
piston, communicated to the latter and to its rod the oscillating 
movement which, transmitted to the cutters, caused the repeated stiik- 
ing of the tools on the lock Put besides this longitudinal oi clashing 
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wheel which impelled the piston and the cutter, and to force forward 
the cylinder gradually as the boring of the hole of the rock advanced. 

Each perforating machine could give 200 strokes of the cutter in a 
minute, consuming at each stroke a little less than a litre of compressed 
air. The rate of advance of the work depended naturally jiartly on 
the nature and hardness of the rock. 

The success of this application of compressed air as a motive 
power, in an enterprise which could only employ steam with ditticulty, 
suggested the idea of extending the use of this power to other works ; 
for instance, in countries where the water-courses produce fall^, and 
consequently natural power, they could be employed to compress 
air, which could be distributed, through pii)es, to tlie homes of a 
labouring pojndation, and thus solve the problem of the economic 
distribution of power. In the meanwhile, while this use and trans- 
formation of the force of w^ater-falls is being realized and comes into 
general use, it will Ix' well to point out some of the special api)lica- 
tions used in the present day. 


§ III. — ('oMPRKssED Aik 1*osts— Compresskt) Air Kailwa^ys. 

A few years ago, the Administration of Telegraphic Lin(*s establislied 
in Paris a communication between the two stations of the Grand 
Hotel and the Place de la Bourse. A tu])e 1,100 metres long and 
0'" 0()5 in diameter connected at each of its extremities two chambers 
which served to introduce into it or to extract from it a piston carrying 
despatches. This piston, cylindrical in form, is nothing more than a 
box closed at one end and at the other furnished with a movable lid. 
The despatches are placed under cover in the interior. A cov(iring of 
leather enables the piston to adapt itself exactly against the sides of 
the tube, in a way to prevent the passage of the compressed air. 

Each chamber can by using two cocks be placed in communica- 
tion at will either with the exterior free air, when the despatches are 
to be received, or with the reservoir of compressed air if the piston- 
carriage is to be sent to the other station. 

As to the compression of the air, it is managed in a very simple 
and economical way, with the assistance of the pressure from the water 
from the town reservoirs, which at each of the two stations about 
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equals a fall of 15 metres in beiglit. Three iron-plated troughs are 
for this purpose placed close to each station ; one receives the water 
which compresses gradually as it fills up the trough the air situated 
above and forces it into the two othei's. By emptying the first cistern 
by means of a cock commiiiiicatiiig with the outer air, then leaving it 
to fill again with water from the pipes, the same experiment can be 
repeated several times in succession, and the compressed air can thus be 
interned in the two other cisterns at the necessary pressure. Three 
minutes suffice to obtain this result, and the piston, driven along the 
tube by the force of the compressed air, reaches its destination in 

seconds, wliicli gives a mean velocity of 12 metres a second. 

It is evident that all allowance being made for the expense of 
l)ipes and apparatus, the same system could be advantageously 
applied to llie trans);ort of. letters and small ])areels to every j)ait 
of a city lik(‘ London There certainly w\mld follow great economy 
of time in the exj)edition and distribution of such increasing and 
brisk corres])ondence 

In the United Kingdom, transmission of messages by means of 
pneumatic tubes is largely adopted, and in London, in connection 
witlithe (General Post Offi(*e, a large system lias been established. 

Tlie idea of using a jmeiiniatic tube for message purposes emanated 
first fi'om Mr. Latimer Clark, the engineer of the Electric and Inter- 
national Tclegraplii Company, who, in 18ri4, laid a tube from the 
Central Station to the Stock Exchange, and by^eans of a vacuum 
jiroduced by a hand-pump the carriers were drawn through. Sub- 
sequently compressed air and steam power was used, so that carriers 
could be made to move in either direction ; the advantages of this 
])lan w^ere so great that it rapidly extended, and at the present time 
most of the important provincial towns are provided with tubes, 
whilst in London alone there are twenty-five tubes, representing a 
length of nearly eighteen miles. 

The system adopted in this country, wdiere speed is so essential, is 
that of “ radiation from the Central Station. Tubes are laid direct 
to the different branch offices, and where the traffic is great two tubes 
are laid. 

TJie tubes employed are of lead, 2^ inches in diameter, and 
manufactured in as long lengths as possible — about 29 feet. The 
tubes are laid in iron pipes to protect them, and the joints are most 
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carefully made, so that whilst bein^ perfectly air-tight, the surface of 
the tube is kept as smooth as any other part. 

The tubes are all worked from one centie, where the engines and 
air-pumps are fixed : in London there are for the purpose of coin- 
])ressing and exhausting air, 3 engines, each of rM)-hor3e-povver 
(nominal). In the busy parts of the day, two engines are in use, 
whilst the third is ke))t spare The air-pumps are six in number, 
and are of the diameter of 35 inches with a stroke of 3 feet. From 
the pumps lead two large mains, one for “ ])ressuro,” and the other 
for “ vacuum these mains reach to the instrument gallery. The size 
of the mains is so arranged that the intermittent action of the pumps 
is obviated. 

The tubes arc arranged in tlie gallery side by side,— fir^t those for 
receiving only, then tliose for alternately sending and leceiving, and 
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lastly those for sending only. The tubes t(*raiinate in \alves, which 
are possessed of a double action, so that they can be used for sending 
or receiving, or for both ; in connection with these valves are pipes 
which communicate with the mains. 

Every carrier containing messages is signalled electrically, and its 
arrival is also made known in a similar manner : this is particularly 
necessary when an uj) ” and “down'* traffic is carried through the 
same tube. 

The carriers or pistons in which the messages are placed, are 
made of a cylindrical box of gutta-percha. A section is shown 
above. 

The portion shaded is the gutta-percha, wliich is covered with felt 
or drugget projecting at the ends //. The front of the carrier is 
])rovided with a buffer or piston h, just fitting the lead pipe. At the 
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open end is an elastic band e, wliicli prevents the messages from 
falling out. When a carrier is placed in a tube and despatched, the 
air fills up the loose end at /, and makes it fit the pipe quite close. 

The advantages of the pneumatic tube have been found so great, 
that a system has been introduced into the large instrument gal- 
lery for despatching messages from point to point for delivery and 
retrausinussion. It lias been found to work admirably, not only 
economising time, but doing away with the constant rushing 
about of messengers. 

In New York there has been constructed a short atmospheric rail- 
way, leading from Warren Street to the lowest end of the city near 
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the North Jtiver. The cyclindrical tunnel lins fixed on its lower 
part (Fig. 50) two rails on which a vehicle for travellers alone inns ; 
this is nearly of the same diameter as the tunnels through which it 
passes, and is forced along by the pressure of the air. Fig. 51 repre- 
sents the interior of this carriage. 

It will he seen, therefore, that these applications of atmospheric 
pressure as a motive power are more than interesting experiments ; 
their success in a small way is not difficult, but without improve- 
ments not yet realised, they do not aj)pear susceptible of being put 
into practice on a large scale. 
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There is one of these railways carried under the Thames m^nr 
the Tower. 

It is only in very extensive and populous towns that an 
underground network of pneumatic tubes can ]>e established with 
great advantage for the quick 
distribution of parcels and tele- a- 

graphic or postal despatches. 

The pressure of water, used 
to compress air, produces a 
fountain on the surface of a 
reseiwoir in tlie ingenious ap- 
paratus known as Nero’s foun- 
tain, so called from the name 
of a mathematician of tlie 
Alexandrian school, to whom 
the invention is attributed. 

A reservoir of water A com- 
municates by a tube which 
leads from the bottom witli 
tile outer air ; it also com- 
tnunicates by a tube full of air 
wuth a reservoir c partly filled 
with water and surmounted l)y 
a column of water h. Upon 
tlie height of this column de- 
pends the pressuie of the air 
inclosed and comjiressed be- 
tween A and c. This pressure 
exerting itself at A on the 
surface of the liquid of the 
first reservoir, causes the water 
to rise in the tulie, and if the 
height of this latter above the 

Fio .*52 — Nerr>’s Fountain 

level of the surface of the 

water is less than the length a, J, the liquid will form a jefc which 
theoretically would be exactly equal to their difference. It would 
rise to a\ if the line a\ V, is taken equal to the height a, b ; but 
the resistance to which the water is subjected in its movement in 
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the tube and tliat which the outer air opposes to it, necessarily 
reduces the height. 

Nero’s fountain is not a simple physical curiosity, and that is the 
reason wo liave mentioned it here. The arrangement has been 
reproduced and the principle applied in the construction of draining 
machines, such as the macliincs in the Bchemnitz mines in Hungary, 
which arc only gigantic Nero’s fountains, constructed, it must be 
understood, with the solidity necesaarj" to an application of this kind. 


Jl) IV. — VsE OF Compressed Aju in IlHirxiE Building. 

Compressed air has also received an aj)plication of another kind 
vhich is not less interesting than those to which we have just referred. 
It has been used to force the water from metal caissons, intended to 
form the foundations of the piers of bridges. We are indebted to 
M. Triger, a French engineer, for the first idea and application of the 
first niethod of this kind. Different processes have been used 
according to the circumstances and the views of etigineers who have 
applied it ; but as the physical principle is the same, it will be suffi- 
cient to describe one of them briefly in order to understand the 
others. Let us take the one adopted in the construction of the bridge 
of Kelli on the Khine. 

Figure 53 represents the anungements made for laying one of 
these foundations, the interior of one of tlie caissons lowered below 
the bed of the river, and the workmen wdio are clearing it. 

Let us imagine an enormous box, with sides solidly bolted and 
stiengtliencd with girders and iron supports in the interior as well 
as on the upper side. This box, of rectangular form, is open at 
the bottom, whilst the roof, pierced with three circular holes, is sur- 
mounted by three chimneys in iron plate, the twm lateral chimneys 
communicating simply wdth the interior of the box, and each sur- 
mounted wdth an air-chamber ; that in the middle descends below the 
base of the box. Let us suppose this sort of diving-bell lowered 
to the bottom of the river, so that its open base rests on the bottom : 
the water will fill it, and, by virtue of the law of equilibrium of 
liquids in communicating vessels, it will ascend in the three chimneys 
to the level of the winter of the river. If now, by using steam 
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condensing pumps, (these machines are seen in boats to the right 
of the drawing), air is forced into the two side chimneys, the 
increasing pressure of the air, greatei than the exteiior pressiiie 
of the atmosphere, will by degrees force out the v\ater which fills 
the box, and cause it to escape by the open bottom, and will led\e 
the bed of gravel on which it rests quite exposed, not to say diy 
The middle chimney alone, which penetrates into the gnu el, will 
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continue to be lull of watei The woikmeii selected to make the 
foundations then descend, by the help of chambeis forming locks in the 
lateral chimneys, into the inteiioi ot the box thus filled with conipiessed 
air Piotected by a pressuie of 2 and 3 atmospheies, which guaids 
them against the invasion of the watei of the iivei, they dig out the 
soil and throw the rubbish towaids the base of tlie central chimney 
A dredge, inclosed in this chimney, ascends with its buckets and 

2 
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turns out the debris into the boat outside. Wliile this goes on the 
stonework slowly built on the upper part of the caisson presses it 
down by its weight and forces it to descend until it arrives at the 
required depth. Tlien the workmen leave the caisson, the three 
chimneys are tilled with cement, and the foundation is finished. 

The bridge of Kehl is formed of two abutments and four piers : 
the two extreme piers each rest on four caissons ; the two others, 
on three caissons only. 

It must be added that work in chambers where the air is at such 
great pressure is not without danger to the health of the workmen. 


§ V. — Mkahuring Heights by the Barometer. 

The experiments made by Pascal in 1648 at the foot and at the top 
of the Puy de Dome, and those also made by himself at the top and 
at the base of the tower of St. Jacques la Boucherie at Paris, were 
intended to determine whether the pressure of the atmospheric 
column of air was really the tiue cause of the rising of the mercury 
in Torricelli's tube. As the new theory came out victorious from 
the experiment, an important application of the barometer was 
realized. 

It is evident, indeed, that a barometer may be used to measure 
heights, and that by noting the two different points to which the 
column of mercury rises at two stations of unequal altitudes, from 
the difference of the two levels, the difference of the two altitudes 
ouglit to he detei mined. This, of course, supposes that the relative 
densities of air and rneicury aie known, and that this density does 
either not vary at all, or varies in a determined ratio, in the thick- 
ness of the stratum which separates the two stations. 

Let us imagine ourselves in a place where the temperature of the 
air is 0°, the barometric pressure 760 millimetres, which is near the 
mean pressure at the level of the sea in the south of England. 
In these conditions the mercury, with equal volumes, weighs 10,500 
times more than the air. A barometric height of I millimetre of 
mercury is equivalent then to a column of air of 10,500 millimetres, 
or 1 0"“' 6, on the hypothesis that the successive strata of air do not 
vary in density or temperature. This, however, is not the case. The 
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very simple calculation, therefore, which would consist in deducing 
for each millimetre of difference in the barometric height a corre- 
sponding difference of in altitude, is not applicable, or at least 

IS only approximate for very small heights. 

The strata of air, in fact, in proportion as we go highei*, diminish 
in density, precisely because the pressures which they undergo are less 
and less considerable. Halley and Newton discovered the law of 
this variation, and showed that if the heights follow an arithmetical 
progression, the pressures vary in geometrical j)rogression. Besides, 
the temperature starling from a certain height, diminishes ])rogressive]y 
with the altitude, and from this there follows an increase of density 
which must also be taken into account. Lastly, the hygrometric 
state, or the quantity of vapour contained in the air has also an in- 
fluence on the ])ressure. 

The problem is therefore much more comjdex than it appeared at 
first, and the formula that Laplace has given is not so simjde that v^e 
can describe it here, l^et us only state that it is necessaiy to 
observe at the lower station and the higher one simultaneously ; first, 
the height of the barometer ; secondly, the temperature of the instru- 
ment itself, given by the thermometer fixed to it; thirdly, the tem- 
perature of the surrounding air, by the detached thermometer ; and 
lastly, the temperatuie of evaporation by the wet hulb. The hour at 
which the observation is made should also be noted. 

These four series of measures taken, it is possible to deduce the 
differences of altitude of the two stations. It is necessary as much 
as possible to avoid accidental variations, to make the observations 
of which we have just spoken. If the two stations are at some 
distance from each other, the observations should be made simul- 
taneously, or if that is not possible, care must be taken to repeat them 
at the station at which they were begun, in order to ascertain how far 
during the inteival the elements may liave changed. In every case 
it is preferable to make the observations at different times and to 
calculate the required altitude each time. By taking the mean of the 
results, a closer approximation to a precise result will be obtained. 

The formula supposes that the pressure and temperature vary with 
the height according to certain laws, which are approximately exact 
only for small differences of elevation in the atmosphere. When 
they are applied to determine the height of the atmosphere itself 
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the numbers are less tlian those deduced from astronomical observa- 
tions, owing probably to our ignorance of the physical data at great 
heights, particularly of the true law of decrease of temperature with 
the height in the free atmosphere. For instance, only 67 kilometres 
are found for the height of the stratum in which the pressure is not 
more than the tenth of a millimetre. 



CHAP. V.] 


BALLOONS. 


87 


CHAPTER Y 

IJALLOONS — AElilAL KAVK.A'I ION 

§ I — Application of the principle of Akciiimei)1.s to the 
Vertical Ascension of Booieh in the Atmosphere. 

A BODY immersed in a fluid loses in weight a weight equal to 
that of the fluid which it displaces. This principle, which is 
known to have been discovered by Archimedes, applies to gases as 
well as to liquids, and hence it is that many light bodies— smoke, 
vapour, and clouds — rise and remain suspended in the air, instead of 
falling to the surface of the earth as would happen on a idaiiet devoid 
of a gaseous envelope or atmosphere. 

In order to bring about this ascent, it is neeessaiy that the 
weight of the body be less than that of the portion of air which it 
displaces. At the surface of the earth, the air weighs 1*29 at the 
temperature of 0^ and under a pressure of 0“* 7C, that is to say, the 
weight of a cubic metre of air is then Under the same 

physical circumstances, a cubic metre of hydrogen gas has a density 
about fifteen times less, as it only weighs 090. Let us imagine such 
a volume inclosed in an impermeable envelope ; the loss of w eight 
which it will undergo in the air will be 1^^^ 29, and as the weight 
of the gas is only 0^^*U9, it will be raised in the vertical direction 
with a power equal to the difference of these weights. Part of this 
buoyancy or ascending power will be used to balance the weight of 
the solid envelope, and the remainder will serve to raise the system 
to a certain height in the atmosphere. As the strata of tliis latter 
have a density which decreases with height, the ascending power will 
go on diminishing gradually until it entirely ceases. At this point, 
the balloon will cease to rise, and if its movement continues it will 
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be due to ascending aerial currents in the region of the atmosphere in 
wliich it finds itself. Such is briefly the theory of aerostation, whicli 
was only understood and successfully ai)plied for the first time in 1783 
by Joseph Montgolfier. In reality, the idea of rising and being sus- 
pended in the air had a long time previously suggested numerous 
projects more or less cliimerical which mostly existed in the imagina- 
tion of their authors ; the rare attempts at realization and execution 
were frustrated on account of insuflicient knowledge of mechanical 
and ])h\sical la\^s 






Fi(» 51 — Ascousion ot huap-lmbbleu bllcd with lijdrogeu. 


Josejdi Montgolfier, who doubtless knew of the experiments of 
Tilack, Cavendish and Cavallo, on the ascension of bladders and 
Roap-bublles filled with hydrogen gas (Fig. 54), formed the idea of 
imitating these expeiiments on a large scale, and of making them of 
use in the exploration of the atmosphere. He first made balloons of 
silk or paper, which, filled with hydrogen, rose to a certain height, 
but descended very soon, as he foresaw, because the gas escaped 
through the permeable envelope. He then substituted M^arm aii* for 
the hydrogen, the density being much greater than that of the gas. 
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but less than that of the cold air, and its production easier and 
less expensive. On the 5th of June, 1783, Montgolfier’s first ex- 
periment on a large scale took place, at Annonay, before the States 
of the Vivarais, accompanied by an immense crowd. A balloon with 
an opening at its lower end through whicli the aii' warmed by a 
brazier supported by a wire basket ascended into the balloon, rose to 
a vertical height of two kilometres (0,560 ft.) amid the enthusiastic 
plaudits of a multitude of sj)ectators. 

The experiment of Annonay, which was considerably applauded, 
was ill less than three months afterwards ro])roduced in Paris under 
(litferent conditions. The physicist, Charles, wlio shared the general 
ignorance in which Montgolfier had left the public with regard to tlie 
nature of the gas which filled his balloon, had the idea also of using 
hydrogen. He took for the construction of the envelope silk ren- 
dered impermeable by a coating composed of indiarublier dissolved 
in boiling spirit of turpentine. The hydrogen was obtained by tlie 
reaction of suljdiuric acid on iron ; it took several days to produce 
the quantity of gas necessary for tlie filling of the balloon. At last 
27th of August, 1783, the Globe (the name of the first 
ascended from the Champ de Mars in presence (d‘ 
aiiSimmeil^ crown7*W!W, after travelling three-quaiiers of an hour, 
desi^ided a\ Gonesse in the suburbs of Paris. At the first bound, it 
was ^rried to a vertical height of 1,000 metres ; then, hidden by a 
cloud, it disappeared, and reajqieartid in a clear space at a niiicli 
greater height, and then was again hidden in the clouds. 

This is not the place to give the histoiy of balloon -ascents, which 
were repeated frec^uently towards the end of the last century and in 
our own ; but we have described these two first experiments, not only 
on account of the stir they made and the enthusiasm they evoked, 
but because they pointed out two different modes of ascension and 
two systems of balloons, which w’ere called at the time fire and air 
balloons respectively. 

This brilliant application of hydrostatic princii)les and of new 
physical and chemical discoveries received almost at one bound a 
great development, while at the present day we are far from having 
made the most of the means the discovery has jdaced at our disposal. 

In the first experiments of Montgolfier and Charles, they were 
contented with the ascent of the balloons thenibelvcs ; the idea of 
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using them to carry travellers and to exjdore the atmosphere followed 
afterwards Indeed, the first aerial voyage took place the same year, 
1783 On tlie 21st of November, a young naturalist and physicist, 
Ihl&tie de lio/iei, accomi)amed by the Marquis d’Arlandes, after a 
few trial ascents iii a tapln e balloon, raised themselves in a fire 
balloon to a heiglit of about a kilometie, and descended safe and sound 
at two leagues from tlieii startmg-point, haA'ing travelled over Paris 
After this fust and victoi lous tiial of the conquest of the aerial regions, 
the ascents and voyages weie re])ecite<l, not without some terrible catas- 



111 *^5 — ril&lr^ le Kuziei and ArloudtH first acruatatiLasieiit October 21, 17bd 


tiophes, amongst which must be mentioned that of the unfortunate and 
bold PilAtre de Eozier. who was thrown out trying to cross the straits 
from France to England, in imitation of the aerostatic passage of the 
Channel accomplished by Blanchard and Jeffries in January, 1785 
We will say a few words presently on the ascents which have 
been undertaken for the purpose of the scientific exploration of the 
air; but first we will enter into some details on the construction and 
filliqg of balloons, ns well as on the different arrangements used by 
aeionauts in their excursions. 
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§ II.—MO^'TGOLFIKKES, OR HuT-AIR B*VLLOUNS, AND GaS-BaLLOUNS 

— Construction and Filling;. 

Balloons, whether filled with hot uir or gas, are generally of a 
nearly spherical form terminated at the lower part by a cylindrical or 
conical appendage. There is alw^ays this diffeiunce, that in the air- 
balloon this api)endage, called the neck of the balloon, has an o})ening, 
whilst in the gas-balloon it is closed. This form is ni()reo\er that 
which the envelope would naturally take under the pressure of the 
elastic gas which it incloses, if it were etpially extensilde in all its 
])arts. When in the air the orifice in the neck of the gas-balloon is 
ahvays oi)eii, as in Fig. 50 ; it is only closed during inflation, to 
pi’event the escai)e of the gas. The only diflercnce betw een the air 
and gas-balloon is, that in the former the orifice is very large, as the 
stove chimney has to go up through it and be w ell separated from the 
material of the balloon, and in the latter the orifi(*e does not exceed 
a foot in diameter. 

The envelope is formed of spindle-sliaped jueces of silk, which 
are sewn together, as it w’ere along th<‘ meridians of a sjdiere ; it is 
ini 2 )ortant that no fissure is left, not even the holes made ))y the 
pricks of the needle, and that the stuff itself should be of a close 
texture and if possible imiDermeable, to a\oid osca 2 )e of gas, which 
w^ould diminish the ascending 2 )ow"er. Montgolfier used in his first 
exi)eriment a cloth lined with paper, sewn on a netw'ork ol* stiing, 
and fastened to it; in his second exj^erimcnt, the envelope was of 
2)acking cloth, lined inside and outside wdth very strong paj)er. We 
have seen that Charles's balloon was of silk and covered with ii 
varnish of indiarubber. The balloon that MM. Barral and Bixio 
used for their tw^g explorations in 1850, was rendered im 2 )ermeable by 
a coating of linseed oil thickened with litharge. Lastly, another good 
w’ay of construction consists in a sheet of indiarubber 

between two sheets of silk. 

The upper part of a balloon is covered wdth a net which hangs 
loose a little below its equator ; all the cords of this net are brought 
down to a circle of very hard wood w’hich serves to suspend the car. 

Thanks to this aiTangemcnt, the w eight is evenly spi*ead on the 
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whole surface of the balloon covered with the net, and gives both to 
the car and to the travellers a steadiness absolutely indispensable. 

To inflate a liot-air balloon, it is simply necessary to place a 
stove or vessel filled with burning inate^rials under the opening; the 



Fi(i. r»(i — OuH-b/tlloon 


heated air rises into the enveh^pe, and by degrees its elastic force 
stretches the sides and makes them take a spheroidal form. When 
Montgolfier made his first experiments, he believed that electricity 
took part in the phenomenon of ascension, whilst it was the specific 
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lightness alone of tlie hot an which, by vntue ol tlie principle ot 
Archimedes, was the real cause He also fd\ cured tlie pi eduction of 
the fluid by burning straw cut up with damp wool, and bcdieved that 
the straw and wool gave off a special gas to which the ascending 
power was due l)e Saussiiie had no tiouble to pio\o that the an 
producedliad no othei vntue than warm an, and that eleetiicity went 
for nothing 

Balloons filled with hydiogen, although moie e\])ensive than hot- 
air balloons, aie generally piefened The nef^essity ot cairying 
combustible mateiials, the dangei of fiie, and <ibo\e all the infeTioiity 
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of the ascending pov\ei (niiuh h*ss with etjuality ot volumes), an 
leasons for this prefiunce^ 

^ The weight of a cubic metit under i jiressnn of 7b0 iiulhnicties, is 

1,293 gram Hies at 
1,247 giairiiiuH at 
945 grammes at 
278 grammes at 

Thus the ascending powei of hot air, 4C) grammes only }>er cubic metre at 10®, 
348 grammes at 60®, rises to 1015 grammes at 1(K)® At 0° pure hydrogen is 1,203 
grammes, at 10° it is stdl 1,160 grammes As it is difficult to preserve the tern 
peratiire of the an of a montgolfierf at such a height, it follows that the ascending 
power IS very much less than tint of a balloon filled with pure hvdrogen 
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Nevertheless tlie construction of hot-air balloons has been much 
improved by substituting sponges soaked in spirit for the inconvenient 
combustibles of straw and wool. An aeronaut, M. E. Godard, has 
adapted to the fire a chimney surmounted by a metal curtain or 
screen, which guards against the danger of conflagration. The use of 
petroleum lamps would perhaps enable one to increase or moderate 
the temperature, and consequently, to rise or descend at will. 
M. Joseph Silbermanii has made some interesting researches on this 
subject; his system of fire-balloons certainly deserves to be triecl.^ 
The inflation of balloons with pure hydrogen gas is accomplished in 



Fio. 5S -Operation of inflatiu.< a balloon with h>(ltogen gae 


the following manner. The gas is jiroduced by the reaction of 
sulphuric acid on water, iron or zinc.^ A system of casks inclosing 
these substances is arranged so that the gas is collected as it is 
formed, from a bell-jar reversed in a water trough, similar to a 
gasometer. Then after having been purified by its passage throiigli 

1 In 1874 some experiments were msde at Woolwich Arsenal with a balloon 
invented by Messrs. Menier and Simmonds, which was inflated by means of 
petroleum. 

• In 1850 MM. Barral and Bixio used the reaction of hydrochloric acid on water 
and iron. The g.ts must be carefully washed to prevent the action of the acid on 
the envelope. 
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water, the gas is introduced by a tube into the lower part of the 
envelope, and by degrees the balloon is filled by the action of the 
elastic force of the gas. 

In place of pure hydrogen, ordinary lighting gas, that is, carburetted 
hydrogen, is most frequently used. The density of this is mucli 
greater it is true, as it is as high as 0*03 that of air;^ tlie ascending 
power is therefore then much less. But the advantage of easily ol>- 
taining a considerable quantity of gas in towns renders its use in 
every respect more advantageous. An English aeronaut, (Jreen, was 
the first person to substitute ordinary coal gas for hydrogen ; lie first 
inflated a balloon with coal gas. Mr. Glaisher recommends for the 
same reason the use of gas obtained towards the end of the distilling 
operations. Thus, in his ascent of June 30, 18G2, he obtained a gas 
with a density as low as 0 36, and which, therefore, gave an ascend- 
ing power of 830 grammes per cubic metre, about two-thirds of that 
of pure hydrogen. 

We may now state briefly by what means and by wbat manage- 
ment the aeronaut ascends and descends at will. We will not speak 
here of the direction of the balloons, as all movement in a horizontal 
direction depends only on the aerial current, which draws tlie balloon 
along with a velocity nearly equal to that of the mass of air itself. 
The direction of balloons is entirely denied, at the })resent time at 
least, to the aeronaut; his interference is confined to ascending or 
descending vertically, until he meets wdth a stratum of air moving in 
the direction he wishes to follow. 

If the aeronaut travels in a hot-air balloon, by increasing the fire 
and thus increasing the temperature of the air inclosed in the iuvelope, 
he diminishes its density and consequently increases the ascending 
power of the apparatus. By lessening the fire, or allowing it to go 
out, the contrary effect is produced, and the ap})aratus begins to 
descend. In gas- balloons the means ai’e no longer the same. To ascend, 
the aeronaut can only increase the ascending power at the expense of 
the contents of the car ; he is obliged to throw out ballast, which most 
frequently consists of sacks filled with sand, and which one of the 
travellers empties in such a manner as not to endanger persons who 
might be underneath the balloon : it is always very fine sand which 

^ At 0® and 760 millimetres pressure, the ascending power of common gas is 693 
grammes per cubic metre ; it is 070 grammes at 10®. 
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could not hurt anyone. Ballast is nevertheless a very limited re- 
source, which is exhausted rapidly; in many ascents the necessity 
of diminishing the rapidity of descent or fall has been accomplished 
by throwing over the sides of the car any heavy bodies — clothing, 
provisions, instruments, &c. 

In order to descend, a certain quantity of gas is allowed to escape. 
The envelope partly emptied, the volume of the balloon diminishes and 
the air displaced becoming less, the globe descends until it finds 
itself in a stratum of greater density, which compensates for the 
loss of ascending power. 



I’lc 69 — Val\( of tlw Iwllooii 7 nhi mnif 


To render the escape of gas more easy and more regular, the balloon 
has at the top an opening which holds a valve, fixed in by springs. 
A string, which passes through the balloon and out at the neck, 
within reach of the aeronaut, enables him to open this at pleasure. 

It is necessary to moderate the descent, without which the fall 
would become dangei'ous, as the velocity goes on increasing. “ If we 
descended at one bound from a great height,” said M. Barral, “ the 
velocity that would be acquired on reaching the ground would be 
frightful, and the aeronaut would be destroyed by the fall. Hence 
the descent is accomplished in ‘ cascades,' that is to say, first a distance 
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of 600 metres ; then, throwing out ballast, they again rise 100 ; then 
afterwards another descent of 500“ then another rise, and so on, until 
the earth is reached, which an experienced aeronaut can do with 
the greatest precision, and without any accident whatever.*' 

When the descent is final, and for some reason or other the journey 
is ended, the aeronaut, wishing to reach the ground, sometimes uses a 



Fig OO “-Valve of the balloon U l*d!e iiunl 


cord (guide-rope) furnished with knots, which falls below the car and 
is fifty metres in length ; by degrees, as a greater quantity of this new 
kind of ballast touches the ground, the weight carried by the car is 
diminished, which gives it a tendency to rise again. The rapidity 
of its fall is thus reduced. Lastly, one or two anchors may be used to 
hook on to projections on the earth, trees, bushes, rocks, &c.» and to 
stop the balloon finally in its course. The utility of these various 

H 
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instruments, and the efficacy of their working, depend especially on 
the skill and experience of the aeronaut. 

A short time after the invention of balloons, the idea was conceived 
ot using, in case of accident, a special apparatus, known os a para- 
chute ; this had been tliought of a long time before. It is a kind of 
dome, foimed of spindle-shaped pieces of stuff sewn together, which 
folds up and ojieiis like an umbrella Suspended either at the lower 
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part of the balloon or near its equator, it is attached to the car by a 
system of cords, arranged so as to carry this with its cargo as soon as 
the rope is cut by which it is suspended. The pamchute at first is 
precipitated with increasing velocity, but tlie resistance of the air 
gradually and completely unfolds its surface, and the whole system 
can then descend gently to the ground. Tlie parachute is very little 
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used. The aeronaut Gariieriu was the first (1802) who dared to trust to 
an apparatus of this kind : he descended from a height of 1,000 metres ; 
but as no one had yet thought of making aii opening At the top of the 
painchute to allow the escape of the air, he experienced several severe 
shocks, owing to the masses of air whieli escaped laterally, sometimes 
on one side and sometimes on the other. Unless in very bail accidents, 
or considerable rents in tlje balloon, aeronauts agree that the manage- 
ment of the descent of the aerostat itself is as safe as that of thi* 
))arachute, which, in the majority of ascents, \ymdd he only an incum- 
brance and useless wemht. 


!:) Ill — Application of Akrostation to Military Tituposks, to 
THE Study of Meteouol kiy and Tkiirkstrial l^insics 

It now remains for us to point out rapidly the u^es aiTostation can 
be put to and the services it has already rendered In 1794-, the 
Committee of rublic Safety decided on the lormation of comj)ani(‘s ot 
aeronauts or aerostiers, their woik bidng to observe, by the help of 
captive balloons, the movements and positions of hostile armi(»s 
This new kind of spy was first turned to account at the battle of 
Fleurus ; in 181 o, Carnot used it at the defence of Antwerp; lastly, 
in the great War of Secession, military aeiDstation was restored with 
lionour hy the United Slates Coveriiment A system of electric 
telegraphy enalded the Federal army to communicate with the 
aeronaut. 

During the last Franco-Ccrmaii wai balloons jd.iyed a certain pait, 
but they w^ere not, projierly speaking, used for military ]»urposes 
Paris, invested, and deprived of all direct communication wdth the rest 
of France, was able to send its despatches, corresiiondeniH , and a 
number of men charged with military or political missions, by the 
lielp of balloons, which were sent up when a favouralile wind blew 
towards the parts not occupied by their euemies. 

Fifty-four balloons, carrying 2,500,000 letters, representing a total 
weight of nearly 10 tons, were thus sent by the (toveriiinent of 
National Defence, and carried out of Paris news from the great 
besieged towm and the assurance of the heroic resolution which it 
had formed to resist till the last extremity. Unfortunately, the return 
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of these aerial messengers could not be effected, the route folloM’’ed 
by them being at the will of the wind. The balloons had a chance 
of three to one of coming to a friendly country, and, owing to this 
fact, the greater number succeeded ; only a few fell into the Prussian 
lines. One of them, la Ville d’Orleans, came down in Norway ; two 
or three, indeed, were lost, probably in the sea. lu the provinces, 
several attempts were made to direct some aerostats towards Paris, 
but they did not succeed. 

The Qnly efficient means for the return of the correspondences was 
the organization of the carrier-pigeon post, further on we shall have 



Fio - Departuro of a balloon fnMii the works of la Villette 

occasion to say a few words about it wlieii we speak of microscopic 
photography. 

As to the question of directing balloons, or to the more general 
problems of aerial navigation, a question and problems much talked 
about for the last twenty years, we have before stated that we shall 
not refer to them here, for the simple reason that no real practical 
solution has ever been proposed, or at least experimented on. How- 
ever, we will mention a few interesting trials. 

Among the experimenters there are some wh^^ve abandoned, for 
reasons which appear plausible, the idea of guiding at will machines 
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on which aerial cun^ents have gi*eat hold. Besides the difficulty of 
loading the car of a balloon with the w^eight of a motor sufficient 
to drive a mechanism either with paddle-wheels or screw, there is 
the danger of fire, if this motor is furnished with a steam generator 
and consequently with a fire : hydrogen gas is, under these circum- 
stances, too dangerous. Taking then theii* model in the ascending 
motive power of birds, these experimenters turned their efforts towards 
the discovery of a contrivance to misO and move machines heavier 
than air, thus reducing the resistance which aerial currents oppose to 
a large surface, and at tlie same time to avoid all danger of explosion 
and fire. Theoretically speaking, the solution of the problem is 
possible . the difficulty is in the practical realization. 

On the other hand, instead of trying to find the complete solution 
of the direction of balloons, some savants, aiuongst whom we must 
mention first a Fieiich engineer, M. Giffard, lia\e confined themselves 
only to obtain a sensible effect ol deviation from the line of wind. 
This effect obtained, they have only to tack about, as seamen do, to 
cause the balloon to take the course nearest to the desired direction. 
Several trials weie made by M. Giffard which did not give satisfactory 
results. Tliey were repeated, twenty years later, in January 1872, by 
M. Dupuy de Lome, who constructed an aerostat, liaving calculated 
the form, ariangeiiient, and mechanism to the end we have just 
defined. 

M. Dupuy de Lome’s balloon has an oval or oblong form, offering 
an axis with least resistance in the direction of motion. The pro- 
pelling power is obtained by the movement of a screw with two 
or four branches, with taffetas or silken stuff’ sails, woiked by a 
number of men, alternately replacing each other. The balloon is 
filled with ordinary gas. In its interior it carries a small balloon 
with a volume equal to the tenth of the volume of the large balloon 
and which can be filled with air by means of a ventilator carried and 
worked in the car. The purpose of this little balloon is to preserve a 
permanent form to the laige one, whatever the variation of atmo- 
spheric pressure may be : it thus allows a descent from a height of 
866 metres, when the dimensions are those of the machine made by 
the inventor, that is. with a total volume of 3,454 cubic metres for the 
large balloon, and conseciuently 345*"*4, for the small interior one. A 
rudder, formed by a triangular sail placed under the balloon, at the 



102 


THE AFP Lie A TIONS OF PHYSICAL FORCES, [book i* 


back, serves to guide the machine hi the desired direction, and to 
change this direction at will. 

An experiment w^as made on tlie 2ud of February, 1872. The 
results appeared satisfactory, inasmuch as the aerostat, in spite of a 
tolerably strong wind, received a velocity from the screw equal to 
about 10 kilometres and a quarter (about 0 niihvs 440 yards) per 
hour. With this velocity, the balloon was abh‘ to deviate, wlien the 
screw w’as put into motion, from 10^ to 12° from the course followed 
when the screw^ was stopped, that is to say, when the balloon floated 
along under flic influence of the wind alone. These results, although 
not so brilliant as those which have been announced by many in- 
ventors ot the direction of aerostats, constitute a real and steady 
progress which cannot but serve as a starting-point to subsequent 
irnprov^ement 

This is probably all wdiich we can reasonably liope for in the 
present state of physical and mechanical research. The substitution 
of a Tiow^erful movement such as the steam-emgine, to the muscular 
force of man, is the principal desideratum of the problem of aerial 
navigation with hydrogen balloons. The whole que«stion would be to 
]»rotect it from the inflammability of the gas. 

A word now on the application of aerostation to the study of 
meteorology. Captive balloons would be able to furnish to this 
science statements of the highest importance. By placing at different 
heights a certain number of tliese machines furnished with registering 
instnimeiits, data would be obtained wbicb could only be bad for a 
very short inteival of time by aeronautic voyages. 

Gay-Lussac and Biot, during an ascent they made together on the 
24tli of August, 1804, reached a height of 4,000 metres, and procured 
a series of experiments on the oscillations of the magnetic needle, in 
order to determine the v’ariations of the magnetic intensity wdth 
altitude. The first of these savants made an ascent alone, which 
earned him to about 7 kilometres (28,000 feet) in vertical height. 
He was able to recognise that the composition of the atmosphere at 
this altitude was chemically the same as on the surface of the earth. 

Tiie illustrious jdiysicist, who at the moment of starting read a 
temperature of + 27°-75 centigrade, found at the greatest elevation 
a temperature of — 9^ 0 ; more than 87" difference. 

Among coiitcmpoiaiy scientific ascents w'e must mention those of 
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MM. Barral and Bixio in 1850, and tlie thirty ascents which Mr. 
Glaisher made from 1860 to 1865. Among the most curious results ol 
the second ascent of the two first savants, we will quote the following • 
they discovered the existence, in the height of summer, of clouds 
entirely formed of icicles, of a thickness of 4 kilometres (1 8 480 feet) , 
reaching the height of 49 (24,600 feet), where MM. Barral and 



Bixio found a tempera tuie of 80 Fain. ]>elow zeio, neaily that of 
the freezing point ol mercury. 

Mr. Glaisher’s journeys, togethei with those of the young and 
courageous French aeronauts, MM. de Fonvielle, Flamimiiion, and 
Tissandier, made one or twc» years ago, aie described in detail in 
an interesting woik, Travds in the Air, edited l>y Mr. Glaisher 
himself, to which W’e lefer the reader who is curious to be initiated 
into the conditions of this kind of locomotion 
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ACOIFSTK^S AI>f»LI(^ATI()NS OK THK KHKNOiMKKA 
AND J.AWS OK SOUND. 

(’HxVrTEIJ I 
s()1’nd-si(;nals 

§ I. — ArOUhTK^ SKiNALS IN NaA’I(;xVT 10N — J>EL1.-I)( — Sri:VKJN(.- 
Tubes — I HE Invisible AVomvn 

T he iden of usiiio sound — tlio liuiiian Aoieo, bells or other similar 
instruments — to cominuiiicali* at a distaiiee is (»f veiy annent 
origin. The range of sound is doubtless infinilel} less than that of 
light, and light signals fuinished a means ol’ distant signalling long 
before electricity brought this valuable and useful art to jierfectiou. 
But light is not visible or is only faintly seen during foggy 
weather, or in the midst of storms : then sound is a useful 
auxiliary which is employed at tlie eiilraiice of jiorts or in the 
vicinity of rocks. “In foggy weather,” says M. lleiiard, “ ports are 
signalled by bells rung at certain intervals. Some light-liouses 
ai’e furnished with this a])])aratus. In the United States [and at 
some places mi our own coasts] where fogs are frequent and Ac*ry 
thick, notwithstanding the expense a wide mnge of sound necessi- 
tates, at several points there are placed hells, weighing as much as 
or more than 500 kilogrammes, and at others, Avhistles, fog-horns, 
or syrens, worked by steam or compressed air." In narrow channels, 
near banks or rocks^ buoys furnished with hells to warn mariners 
of danger, are often emiiloyed. Church bells, in countiy and in 
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towns are telephonic signals which give notice to people at a dis- 
tance of ceremonies and divine service, and many persons reoognize, 
on hearing the different styles of ringing, what is the nature of the 
ceremony announced. In case of tire, the tocsin sends forth its 
sinister sounds, and calls afar for everyone to help. But, in these 
cases the sound is employed in the open air, w^ithout any special 
process for sending it to a distance by preset ving its first intensity 
The means invented to conduct sound to much greater distances than 
Its ordinary range, constitutes what is called telephony 

One method much used for short distances consists in causing 
the sound to be propagated in tubes, in wdiich the mass of air 
set in motion at one CAtremity, transmits the full power of the 
disturbance. 

Speaking-tubes are lu the pn*sent day very frequently used in 
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private liousea and coiniiiercial eslabhshnients, where the employes 
frequently require to communicate from one distant point to another, 
or from floor to floor. They are used also in vessels for transmit- 
ting orders to the men aloft, or to the engineers. These are generally 
cylindrical and flexible iudia-ruhber tubes, with oriliuee of bone 
or ivory in the form of cuplike mouth-pieces; a whistle is fitted 
into this mouth-piece. The whistle is sounded first to atti-act the 
notice, so that the person thus warned by the sound of the whistle 
which is put into vibration at the opposite extremity may come to 
the tube. He then repeats the signal in the same manner to show 
that he is there, and the conversation goes on in a low or moderate 
voice, taking care to place alternately first the mouth and then the 
ear to the opening of the tube. 
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Jugglers and others have not omitted to make use of this power 
of transmitting sound to a distance. M. Eadau, in his Acmatm, 
quotes several amusing examples of these applications ; the following 
is one we borrow from him : — 

“The invisible woman, who, at the beginning of this century, 
excited such a great sensation in the principal towns of the Continent, 
IS explained in a very simp’e way The most obvious pait of tins 
machine (Fig 65) was a liollow globe, fitted uith four appendages in 
the form of trumpets, and suspended freely from the ceiling of a 



Flu ( — Ihu iiiiiHiUIt uumaii 


room, by four silk baiitla Tins sphere was sumunded with a trelhs- 
w'ork cage, supported by four pillars, one of which was hollow and 
communicated with the ground. The acoustic tulie which passed 
through it opened at the centie of one of the upper horizontal cross- 
pieces, where there was a very narrow slit, scarcely perceptible to the 
eye, opposite the orifice of one of the four trumpets The voice 
seemed then to issue from the sphere It is possible that the person 
who stood close at hand, and who gave the answers, was able to see 
through a slit in the wall all that passed in the room The questions 
were asked through the orifice of one of the trumpets ” 
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§ 11. —The Spkaki\'(i-Tiiitmpet 

The human \(nce is also transmitted to great distaucea by em- 
jiloying <iu uistrumeiit much used at sea, called a speaking-trumpet 
Tins IS a tube oi .i conical form havmg nt its nairowest end a wide 
cup-like nionth])ieci , on puttniy it to the mouth the mouthpiece 
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(ovei'i it yu that the iii)\ement ot tliu lipa can he made 

inside with ease Tin* opposite e\tieiuit>, wliidi is bell-shaped, is 
turned ill tlu* diieituiii whithei tlu sound is to be sent Kucher in 
his ore it woik, Ars Miujm Liu it Cmha^ and in his Vhonunfia^ 
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mentions a kind of gigantic speaking-trumpet, desciilied as the horn 
of Alexander the Great, which vas used in the armies of the Conqueror 
to retail soldieis eienat a distance ol a hundre<l stadia It is cer- 
tain, hotteiei, that the speaking- tiumpet is of modem invention and 
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we are indebted for it to Samujl Moreland, 1670 A {'lass or copper 
trumpet was first used 

Since that time, ellii)tical, liypeibohc, and various other forms have 
been given to these instruments, and a theory has been torniulated to 
explain the strengthening of the sound by the successive reflections of 
the sound-vaves on the inner walls of the tube According to I.<ani- 
bert, the wide conital foimlias flu* effect of leiideriiig the leflectcd 
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rays on leaving the tube parallel to tlie axis in such a manner tliat thej 
aie all directed tow aids the i>oint to which tlie sound isienuired to be 
carried Tlie surfaces which are convex towaids the axis are therefore 
useless But Hassenfratz found by experiment, witli tw^o similar 
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speaking-trumpets, the one furnished and the other deprived of its 
beU, the first carried the ticking of a watch placed inside it double 
the distance of the second. Thus, the explanation is inexact, or at 
any rate incomplete. It is probable that the strengthening of the 
sound in speaking-trumpets depends chiefly on the form of the 
column of air in the interior, and that the walls themselves and the 
reflection of their surfaces have little influence — a view also confirmed 
by another experiment of Hassenfratz, who covered the tube with 
woollen stuff, without weakening the sound or its range. The influ- 
ence of the bell is not explained. 

The speaking trumpets used at sea are about 2 metres in length, 
the diameter of the bell b(‘ing 80 centimetres. In England, much 
longer ones, which carry the voice to a distance of nearly 4 kilometres, 
are used. When an inarticulate sound only is made a good speaking- 
trumpet may be heard at 5 or 6 kilometres distance. On ships, the 
masters also use whistles for transmitting orders to the sailors. We 
shall again meet with this acoustic instrument further on, its uses are 
so numerous and its sounds attain such great intensity when they are 
produced by steam as in locomotives. 


§ III. — Musical Telephone for transmitting Military Orders 
IN THE Army or at Sea. 

The idea of employing sounds as a means of military signalling is 
doubtless very ancient. It is known that the Gauls posted at distances 
within range of the voice sentries charged with transmitting orders or 
communicating military news. But they had no particular system 
which ensured the secresy of the communications as in the musical 
telephone of M. Sudre, which we will explain. 

As early as the year 1817 this physicist entertained the idea of sub- 
stituting musical sounds for ordinary language by diversely combining 
a certain number of musical notes, and ten years later, he proposed 
the adoption of his system for the transmission of orders in the army. 
Instead of using the seven notes of the gamut, he confined himself to 
the five notes C, G, C, E, and G, the sounds given by the regulation 
trumpet. Some experiments were made in 1829 at the Champ de Mars, 
in 1841 in the Mediterranean fleet, and in 1850 from the Champ de 
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'Mars to llueil ; they were very satisfactory. M, Sudre had reduced 
the sounds to three notes : G, 0, G. Later on lie succeeded in not 
using more than one sound, so that one note of the clarion, one heat 
of the drum or one cannon-shot, might at pleasure and according to 
the circumstances he used as elements of military sound signalling. 
A system of correspondence of this kind was established at Sebastopol 
during the siege, and rendered service to the besieging aniiy by pre- 
venting the reserve from nocturnal attacks which the llussians 
directed towards those working in the trenches. 

Musical signalling cannot rival either the electric telegraphy or 
visible signals. But there are cases where neither one nor the other 
of these can be employed, and where it can tlun be advantageously 
adopted. 


§ IV. — Eau-tuumpets — The Stethoscope 

The ear-trumpet is an instrument which has another kind of 
interest, particularly appreciated by persons suffering from partial 
deafness. It strengthens sounds, like the speaking-trumpet, hy con- 
densing them within a short distance and in the ear of the listener. 




Fit. 69 — Eai-iiuiiipetH 


The ear-trumpet is a conical tube, made in various forms, 
which the deaf person holds in the band, introducing the smaller 
extremity into the ear, and turning the hell towai-ds the mouth of 

I 



114 ; TJI£ APFirOATIOiVS OF PMrSICAL FORCJES. [book Jl. 


the speaker. The reinforcing effect of the ear-trumpet has been 
attributed to the successive reflections of the sound-waves, which 
multiplies their action on reaching the tympanum. But, as in the 
speaking-trumpet, experiment has shown that the influence of the 
walls, and consequently the reflection of their inner surface, is very 
feeble, if any at all The effect produced is in reality owing to the 
progressive diminution of the sections of the air-surface which 
transmit the sound, and which then transmit it with increasing 
energy towards the organ. This effect may be compared with that of 
a jet of water whicli issues from the orifice of a hose with a much 
greater force than that of a body of water of equal diameter in the 
Ulterior of a pump-barrel 

Tlie stethoscope is a kind of ear-trumpet invented by Laennec, 
and used by physicians to study chiefly the sounds produced in the 
iiiterioi of the chest by the action of the heart. This is a wooden 
cylinder, widened out at the end applied to the body, and pierced with 
an opening some millimetres in diameter, at the extremity of which 
the ear is applied. M, Koenig has invented a new stethoscope based 
on the retraction of sound-waves. “ It is composed ot a small hemi- 
spherical capsule, in which a ring is placed covered with two india- 
rubber membranes. An opening made through the ring allows the 
inflation of these two membranes, in order to give them the form of 
a lens. The small capsule has at top a small tube made to receive 
an indiambber pipe \^hicli puts the interior mass of air in diiect com- 
munication with the ear. The outer membrane, thus inflated, is 
applied to the sounding body which is to be examined. It then 
takes the form of this body, receives the vibrations and communi- 
cates them to the opposite membrane by the intervention of the 
inclosed air; the second membrane afterwards communicates them 
to the tympanum by means of the air contained in the capsule and 
tube. Five tubes may be fixed to the capsule without interfering 
with the clearness with which the sounds reach the ear, and then five 
persons are able to study the sounds at the same time.*’ 
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' § V. — ^Acoustics applied to Architectuhe. 

One of the most important applications which can be made of 
the laws of acoustics is that of the construction and arrangement 
of large public buildings. AVith respect to these, numerous attempts 
* have been made, but few have succeeded, and the reason is doubtless 
tliat the architects wlio have tried them weie more engi’ossed with the 
(|uestiou of art than that of science ; perhaps also the want of special 
knowledge has had a great deal to do with this almost geneml 
failure. 

Public assembly-rooms may be dixided into three categories, the 
ret^uirements of each not being the same in an acoustic point ot \ iew. 
First of all, there are ooncert-roonis for \vhich clear and distinct 
hearing is the principal object : the orchestra and the spot where 
the singers are placed form the sound fo<*us, whence diverge all the* 
waves which ought to strike the listener’s ear, wherever he is seated, 
under the best conditions, so that the finest shades of the melody 
may he ])erceptible to him without losing the haniiony of the 
whole. Here sight may be 8acriti(*ed to the ear, as it is not ]>iu- 
perly speaking a speetacle, and all is confined to the lieariiig ol' 
a jnece of music. Chance has sometimes united these conditions, 
and the concert-room of Music in Paris of the Conservatoire is an 
example of it, according to the geneml testimony of amateurs and 
artistes. 

Lyrical tlieatres form an intermediate category between conceit- 
rooms and those intended only for listening to an orator or actors. 
Alusic is here again the principal object, but the problem is compli- 
cated by the necessity of leaving the stage visible to all the sjiectators. 
Moreover, the sound-focus is here double, for it consists, on the one 
hand, of the orchestra, aiul, on the other, of the stage where the 
singers are placed. The ordinary comic or dramatic theatres are 
almost in tlie same difficulty. 

Halls for courts and delibemting assemblies form the thii-d class 
of places of meeting. Here the distinctness of hearing is the first 
and nearly the only difficulty to solve, as the room is not extensive 
enough for the sound-w’aves to lose their intensity before they reach 
the most distant heaicr. 

I 2 




reiuiaved move perceptible, richer, and mote harmoniCns, is the piin* 
dpal, if not the only, end to be achieved. 

the orchestra is in the open air, the audience should bo 
grouped circularly round the orchestra, in order to be in the simple 
and natural extension of the sound-waves ; the orchestra being raised 
above the audience, so that the shock of the waves is outside the 
mass of air occupied by the audience, and that the sounds are able to 
come out and free themselves easily/* 

The author remarks that a parabolic ceiling, or circular, or 
polygonal wall, can only be used witli advantage when their dis- 
tance from the sound-focus is small enougli to insure that there shall 
be neither resonance nor intemperate reflexion. For an amphi- 
theatre closed in on every side, the arrangements would be the 
same; nevertheless, instead of placing the orchestra at the centre, 
it w^ould be necessary to place it at the side, and the singers must 
face the audience. 

As to the limiting walla, they should he upright and smooth, and 
their surfaces should he lesisting and polished;^ large projections, 
ornamental recesses, or excrescences must be avoided; liangings 
should only he used for deadening the excess of sonoiousness in the 
room. 

^ General Scott, the distinguished architect of the Albert Hall, does not agree 
m this, be considers that the tone is thus made very hart>h. He wiites ; — ‘‘In 
considering the mode in which the interior walls of the Hall should be finished, 
three courses were open to me, each one of which has advocates whose opinions on 
such a subject merited attention. Tlie first course was*to discard resonant materials 
as far as possible. Those who thmk that this is the right course argue that after the 
sound has reached the ear the sooner it is absorbed the better, and that any degree 
of resonance from the walls of the building is detrimental to musical effects. A 
second course was to finish the walls with hard, well-polished plaster, and to lay the 
floors with tiles. This is the opinion of one of the most distingiusid organ-builders 
of the day. A third course was to line the walls with a resonant material, and I 
decided on the plan of using wood, for the following reasons : —1. The buildings 
most remarkable for their acoustic properties have been all so finished. The cele- 
brated theatre of Parma, Her Majesty^s Theatre in the Haymarket, which was de- 
stroyed by fire, the Surrey Music Hall, which shared a similar fate, and the theatre 
of the Royal Institution, were all lined with wood. 2. It is a generally received 
opinion that a room sufficiently non-resonant for speaking is too dead for musical 
purposes, and that the resonance derived from wood is more beautiful than that 
obtained from other materials. 3. The correction of undue sonority by draping is 
a simple matter, but it would have been costly to have imparted resonance to a 
building deficient in this respect.' —E d. 
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By carefully aimlysing all tlie causes of defect in present 
buildings, and taking into account the laws of the propagation 
and the reflection of sound waves, we should be able doubtless 
to solve the difliculties of the problem. Some cJf these rooms fail, 
either for want of, or an excess of, sonorousness. The form of the 
V alls or sides of the room first of all has a predominating influence. 
( )lten the voice and sounds are absorbed by very considerable masses 
of air, in which the sharp force of the sound-waves is lost before they 
are able to reach the ear of the listener. Too great lieight of ceiling 
or ix)of, too great length from the stage and side-scenes, too great 
depth of the boxes, often hung with woollen stuffs and deadening 
draperies, make a room dumb and at the same time little favourable 
to the emission and to the hearing of the singer's or orator's voice, as 
also to that of instrumental sounds. 

Rooms with walls having a form which give to the reflected waves 
different centres of convergence, or composed of substances which 
send back the sound with too much promptness, have the opposite 
defect. Tluy have an exaggerated and intemperate sonorousness, 
besides being very unequal; they resound, and the listener hears 
both direct and reflected sounds, confusion follows, if speech is in 
question, and most disagreeable discord in the case of musical sounds. 

The rules to be observed to remedy these serious inconveniences 
can only be general, (»r at least they are susceptible of modifications 
according to tin* circumstances of their general application. For the 
most part, they are reduced to a combination of very simple acoustic 
laws with the laws of architectural construction. 

The following is what is said touching this by M. Th. Lachez, 
the author of a small treatise on VAc(nt8iique ei Optiqnes dcs Ri- 
miions publupm,' who is at the same time au architect. We will only 
quote that part of his opinion which refers to the three classes of 
rooms to which we have referred. 

Jb cause musical sounds and singing to he heard. 

“ Whether the music be played in an unlimited space or in an 
inclosure shut in on every side, it is possible that the audience may 
see nothing in either case, and take in all the sounds, without looking 
at the instruments which produced them. Thus to fix the place 
where the sounds are produced, in the most convenient spot, and in 
the most favourable circumstances, in order that the sounds should be 
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rendered more perceptible, richer, and more harmonious, is the piin- 
cipal, if not the only, end to be achieved. 

“If the orchestm is in the open air, the audience should bo 
grouped circularly round the orche.stra, in order to be in the simple 
and natural extension of the sound-waves; the orchestra being raised 
above the audience, so that the shock of the waves is outside the 
mass of air occupied by the audience, and that the sounds are able to 
eorne out and free themselves easily.” 

The author remarks that a })aralH)li(* ceiling, or circular, or 
polygonal wall, can only be used witli advantage when their dis- 
tance from the sound-focus is small enough to insure that there shall 
be neither resonance nor intemperate reflexion. For an amphi- 
theatre closed in on every side, the armngements would be the 
same ; nevertheless, instead of placing the orchestra at tlie centre, 
it w^ould be necessary to place it at the side, and the singers m\ibt 
face the audience. 

As to the limiting walls, they should be upright and smooth, and 
their suifaces should be resisting and ])olished ; ^ large projections, 
ornamental recesses, or excrescences must bo avoided; liangings 
should only be used for deadening tlie excess of sonoiousness in the 
room. 

^ General Scott, the distinguished architect of the Alliert Hall, does not agree 
in this, he considers that the tone is thus maile veiy harsh. He writes : — “ In 
considering the mode in which the interior walls of the Hall should be finished, 
three courses were open to me, each one of which has advocates wliose opinions on 
such a subject merited attention. The first course was* to discard resonant materials 
as far as possible. Those who think that this is the right course argue that aftei the 
sound has reached the ear the sooner it is absorbed the better, and that any degree 
of resonance from the walls of the building is detrimental to musical effects. A 
second course was to finish the walls with hard, well-polished phister, and to lay the 
floors with tiles. This is the opinion of one of the most distinguistd organ-builders 
of the day. A third course was to line the walls with a resonant material, and I 
decided on the plan of using wood, for the following reasons 1. The buildings 
most remarkable for their acoustic properties have been all so finished. The cele- 
brated theatre of Parma, Her Majesty's Theatre in the Hayniarket, which was de- 
stroyed by fire, the Surrey Music Hall, which shared a similar fate, and the theatre 
of the Royal Institution, were all lined with wood. 2. It is a generally received 
opinion that a room sufficiently non-resonant for speaking is too dead for musical 
purposes, and that the resonance derived from wood is more beautiful than that 
obtained from other materials. 3. The correction of undue sonority by draping is 
u simple matter, hut it would have been costly to have imparted resonance to a 
building deficient in this respect.”— Ed. 
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“ To came ilvt speech of an orcUor to he heard. 

“ In this case, if not necessary, it is at least of great utility, to 
inclose the audience and speaker in a space shut in by walls ; and, 
according as this space is more or less extensive, the speech will be 
more or less perceptible to a certain number of people. An inclosed 
space has not only the advantage of being protected from all ex- 
traneous sounds, and from atmospheric inclemency ; but it ought both 
to increase the sonorous intensity of the voice and to destroy the 
resonance which takes place in consequence of the repercussion of 
the waves ; the dimensions of the space and its volume, determine 
the acoustic means to use.’' 

The arrangement of the auditors relatively to the sound-focus has 
much to do with the qualities of a room in an Acoustic point of view. 
Generally, a series of seals arranged in a half circle with respect to 
the focus, orchestra, or tribune, allowing a normal view, or at least 
that the sounds shall be received directly, is ])referable, provided 
that the line of these seats be gradually inclined al)ove the hoiizontal 
plane along which the sonorous waves proceed. 

In theatres, where we have both orchestra and stage, and where 
seeing must be considered as well as hearing, the ('onditions of the 
problem are more complex. They are still more so, as the architect is 
obliged to take into account traditions, customs, and routine. 



CHAP. II.] 


MUSICAL INSTRUMENTS. 


ns) 


CHAPTER II. 

MT^SICAL INSTRrMKNTS—SJMPLE INSTIUJMENTS. 


A STUDY of the various instruments by the aid of wliich musicians 
utilize their art, considering each of tliem in connection with 
the laws of sound, would be extremely curious, but both delicate and 
difficult. Among all nations and in every age of history, and as far 
back as the most remote savage people, similar instruments have 
been found, from the clumsiest attempts to the studied forms of 
modern violins, imitated from Stradivarius, Guarnerius, or the Amati,i 
and the complicated combinations of large cathedral organs. The 
theory of musical instruments is still on many points very obscure, 
and the ablest musicians, like the most learned physicists, find it 
difficult to account for the forms which experience has established. 
Nevertheless there is a certain number of principles on which tlie 
construction of musical instruments is based ; and it is interesting to 
see how these principles are connected with the laws of the sound 
vibrations produced by bells, strings, pipes, and membranes. 

This we shall endeavour to show by reviewing the types of 
instruments the sounds of which are produced by different modes 
of vibintion, which can then be arranged in classes. We shall there- 
fore examine successively: 1st, those simple instruments which 
generally give but one sound, such as bells, triangles, drums, etc. ; 
these are based on the vibrations of solids of revolution, of metal 

^ Celebrated moaical mstrnment>inakers of Cremona, wlio occupied themselves 
chiefly with the manufacture of violins and stringed instruments and bows. The 
Amati were three brothers, one being master of Stradivarius, who had Guarnerius 
as pupil. 
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plates, or of membranes ; 2nd, stringed instruments ; this numerous 
family may be subdivided into three principal branches, the types 
being the violin, harj), and piano; 3rdly, wind instruments, which 
are also divided, accoiding as the mode of production of the sound 
depends on the mouthpiece — an orifice as in the flute, a mouthpiece 
as in the horn, a reed as in the clarionet ; the flute, horn, and haut- 
l)oy may serve as types of these three kinds, which are all contained 
or imitated in the organ, that magnificent ensemble where all in- 
stnimental tones find expression, and ^hich alone leplaces a whole 
orchestra. 


I— Jkstkimfms nAsri) on aiiE Vibrations or TJods or 
Platks. 


I’lates and metallic rods ot different foims vibrate w^hen they are 
rubbed transversely or longitudinally, or are struck in any one of 
their points. Sounds are thus given out which are sometimes used 
in musical bands. 

Tlie triangle is an instrument of the last class, formed of a cylin- 
diical rod of untempered steel, bent in the 
figure of an equilateral triangle open at one 
of its sides ; sometimes metal rings are added 
strung on to the base. The performer strikes 
one of the sides of the triangle with a steel rod 
From this percussion there follows a series of 
harmonic sounds the coexistence of which gives 
to the instrument its sonorousness. This in- 
strument contributes neither to harmony nor 
melody, but it accentuates the rhythm of a 
piece. 

The harmonica, with plates of glass, is an instrument formed of a 
series of glass plates, the sizes of which are calculated in such a way 
that when struck properly the successive sounds of the scale are 
given out : the plates being of the same breadth and thickness, the 
squares of their lengths are in inverse proportion to the number of 
vibrations of the notes of the scale. The plates are supported by 
horizontal strings in a strong wooden box. The strings support the 
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plates at the nodal lines corresponding to the fundamental note of 
each of them. The notes are struck with a kind of hammer with a 
cork head. The notes have a very pure clear tone. The negroes’ 
castanets are harmonicas in which wood replaces glass and which 
has no sounding-box. Lastly, metal plates arranged in the same 
manner as in the glass harmonica, and stnick alternately or simul- 
taneously with a hammer moved by a keyboard, form a sort ot 
carillon. 

Instruments of this class are of very early origin and found in 
almost all nations; generally they are perfected by the ad<lition of 
1‘esonance globes or tubes, the air in each according in vibration 
with the note of tlie slab of woo<l or jdate of metal suspended 



Fm 71 — with plates »»f kI^****. 


above them. Hollow gourds and pumpkins are chosen for globes 
and tubes, in sizes forming a series. The Gentler ” of the Javanese 
is a notable representative of the kind possessing bars of sonorous 
metal. 

The name of Musical-Box is given to automatic instruments in 
which the notes are produced by small plates of steel or copper 
arranged like the teeth of a comb ; the dimensions of these plates 
are calculated so as to give the notes of the scale with their acci- 
dentals. The teeth are struck by small pins set round a cylinder, 
which is moved at a uuifoiTn rate by clockwork. The box in which 
this mechanism is inclosed gives more power and sonorousness to 
the notes emitted by these plates. The sonorousness is still more 
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incFea^ed by placing -the instrument on a table. It is wound up 
by a key like a common watch. The cylinders are studded with pins 
so that many airs can be played at will by moving the cylinder. 



Knj 72 — 31u8k*aMM*x. 


Figures 73, 74, and 7o rei)resent instruments known under the 
name of sistrums, and used in ancient Egy})t. They were evidently 
based on the vibrations of metal rods. The Jew’s-harp, with which 



Fio. 7S —SiRtrum of iRfa. Ficw 74 and 7fi — Mistra of the ancient EfO’ptiann 


children still amuse themselves and which is probably of very great 
antiquity, is an instrument which may be classed among these. It is 
composed of a steel rod, free at one end and joined at the other to au 
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aw curved on both sides, which is placed between the teeth. The 
centre rod is then caused to vibrate by the hand ; by opening or 
contracting the mouth, the sounds which proceed from tlie little 
instrument are modified in pitch and strengthened.^ 

Cymbals are used in our bands like the triangle. Tlioy consist of 
two circular bronze plates which the performer holds in each hand 
by straps, and strikes one against the other with a sliding move- 
ment. At the centre of each cymbal is a cavity of a hemisi^herical 
form ; this helps in the production of the sound, whicli is sharper 
than that given by metal plates. This can be jiroved by stopping 
up the two cavities with pieces of paper ; the sharj) sound is no 
longer heard. 

The sounds of cymbals have a certain similarity with those of a 

I ’Ml 7«) — -.Tovt’h hflip 

Chinese instrument called a gong, gong-gong, f)r tam-tam. This is 
a bronze disc of a diameter varying from 50 centimetres to 1 metre, 
and surrounded by a projecting border. It is struck on the points 
near to tlie circumference with a stick having a ]m\ covered with 
skin at the end. Tlie repeated beats of the stick produce an ex- 
tremely complex sound of singular sonorousness, which from time 
to time bursts out as if by exjdosion m tones whicli are sometimes 
shrill and sometimes dee]). Tim impression caused hy this odd 
instrument is most strange. The Cliinese use it during marriages, 
burials, public or religious fetes, and for visits of mandarins of higli 
rank. 

The Chinese distinguish gongs according to the intensity of their 



' In the Jew’s-harp, in fact, the mouth is a resonator capable of reinforcing 
al^not parts of the reed’s fundamental note. 
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sounds, whicli, however, depends chiefly on the manner^ iii which 
they are beaten, into male and female gongs. Japanese priests use 
the gong and cymbals in their ceremonies. Cliladni relates that 



1 K. 7S •— JaptiUB lioiwc'* oi Mtjiikiii^ till go ig \ikI phyiu; on (Mii’mls 


this instrument was successfully made use of in an oratorio in 
Copenhagen to represent tlie enithquake at the death of Jesus 
Christ. 


’ See details relative to the making of tam-taina in Let Lidvttrut aiieunnti et 
modemet d« PEmpm rhivoii, by Stanislas JuUen et Chunipion. 
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§ 1 1.-^ Bells akd Cakillons oii CHiMKfe 

Vibrating plates need not necessarily be flat, of rectangular or 
discoidal form, they may be also shaped into hemispherical or ellip- 
soidal forms, as in bells, which are put to the most varied uses. 

Bells of all kinds are most frequently used for giving signals, 
whether in every-day life or in works, railways, ships, etc. They 
are made of all sizes, and the notes which they give out generally 
are a composition of harmonic sounds produced by the parts of the 
sonorous body divided by the nodal lines. The deepest or funda- 
mental note is that which most strikes the ear, and the mixture 
of the sharpest or highest notes .gives to the bell the tone which 
is peculiar to it, and which the ear, although it can scarcely define 
it, easily recognizes. 

Church bells have fioiu time immemorial an almost traditional 
form, of which Figs 79 and 80 represent a section and general 
appearance. The Jajianese bell represented in Fig. 81 has evi- 
dently a very different form from that of European church bells 

In these, the outline and thicknesses of the metal at different 
heights of the bell are calculated so that the deepest sound pro- 
duced by the vibration of the extreme edge or rim is an octave 
lower than the note of the head. Diderot writes that “The dia- 
meter of the head, when only half that of the rim, will sound the 

octave above that of the latter. The sound of a bell is not a simple 

sound, but is composed of different sounds produced by the different 
parts of the bell, in which the fundamental ought to absorb the 
harmonics, as it is said to do in the organ ; if the perfect harmony 
c, E, G, be sounded together, the higher o, E, G, B, G, B, i) are 
sounded at the the same time ; nevertheless only c, E, g are heard 
at a distance, or perhaps only c. The ratio of the height of the 
bell to its diameter is as 12 to 15, or in the ratio of the funda- 
mental to the major third: whence it is concluded that the note 
of the bell is principally due to the vibration of its lim, as funda- 
mental, into that of the crown, which gives the octave, and that of 
the height, which gives the third. But it is evident that these 

dimensions are not the only ones which give out tones more or 

less deep ; in the entii^e bell there is no part of the circumference 
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which does not produce a note depending upon its diameter and 
distance from the head/' The determining elements in a bell's pitch 
may be generally represented by the “ compromise " note of unison 
rodn A, A, starting from the head, and constrained by the ring effect 
of the circumference. 

The illustrious encyclopedist also makes reservations on the rules 
by which it is supposed that the tone of a bell can be determined 
by its form and weight : he states that “ it would be necessaiy to 
calculate the elasticity and cohesion of the portions of the matei&ls 
of which they are cast, two elements on which only vague conjectures 
can be formed." Expeiimeiit and the ear deteruiine it with most 
certainty. 




Flu 7» — Stction or n bell 


bn 8) -OutHiiU vie \ 


Coiiteiu])orary physicists a liuit that, otlier things being e<jual, the 
dimensions of masses of similar form and material are in the inverse 
ratio of the corresponding dimensions It is by means of tins law 
that a series of hells of dilfereiit dimousious, giving out the suc- 
cessive notes ol the gamut and their modulations, can be produced 
Figure 82 represents an ancient iustruiueiit of this kind called 
soHiiuntes, the bells of wbicli, stiiick by two reals, w’eie fixed on a box 
which strengthened the tone. It was a kind of liar.monica with 
metal bells. Fmnklin’s harmonica consists of a series of glass bells, 
or siinjily glasses with feet, which are put into vibration by fric- 
tion ; this is done by the fingers or a riblton being w'etted, and 
rubbed against the edges of the vessels. By pouring more or loss 
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water into eacli glass, harmonies can be produced as exact as may 
be required. 

It must be understood that most of the instruments of this kind 
are seldom used : they are mere objects of curiosity, interesting as 
applications of the laws of musical acoustics. 



I'll. 81 — 


Carillons, or chimes of churches and bellrles, are collections of the 
same kind as those just described; they are formed of bells struck 
by hammers, the hammers being moved either automatically by 
the bolts of a cylinder, or directly by the keys of a finger-board, like 
that of an organ or piano, or, lastly, as in the primitive carillons, by 
a system of pedals woiked by the hauds and feet, The key-boaid 
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carillons constitute an important improvement on the two other 
systems. The carillon placed recently in the tower of Saint Germain 
TAuxerrois is of this kind. This is composed of forty-two bells of 
different sizes. 

In the towns of the north of Europe, as at Bruges, for instance, 
the striking of the public clocks at the hours and half-hours is 
jireceded by an air automatically played on the cliimes. The famous 
carillons of Bruges, Dunkerque, and other northern towns are con- 
structed with a mechanism similar to that of musical boxes ; but the 
cylinders are enormous, and the teeth on their surfaces lift up heavy 
Immmers which strike on a series of bells tuned to the notes of the 



Flo 8si — SonntiuteH 


scale. Movement is given to the cylindera by wheel work, which the 
belfry clocks set in motion every hour or even at the halves and 
quarters. To set these enonnous machines in motion, it is necessary 
to have weights of several hundreds and even thousands of kilo 
grammes carried by chains which aie wound on drums by means of 
a windlass. To wind them up daQy, two or three men working from 
half an hour to three hours are required. 

But this ancient system of chimes, which was itself an im- 
provement on the primitive system represented in Fig. 83, has been 
much simplified in the carillon at Saint Germain I’Auxeirois 
which we have just mentioned, and represented in Fig. 84. This 
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new arrangement is due to M. Collin. The following is a de^scription 
of it, by M. G. Sire, director of clock- making at Besan^on: — 

“ The principal points of this new system of carillon are the fol- 
lowing; First, a special wheel woik is used lor each bell proportioned 
to its weiglit ; secondly, the unclamping of the inacliinery which is 
used to raise the hammers, of which there are four to each bell. 



These fix themselves one alter the other on a catch which holds them 
back, and from which the linger or pin of the cjlinder witli a very 
slight effort unelamps them and makes them strike the bell, on which 
they fall instantaneously and produce the note so sharply that one is 
able to play if necessary double and even tiiple quavers, which, how- 
ever, is not required with bells ; and at the moment when the finger 

K 
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unolamps the hammer, the wheelwork is set in motion to place a 
fresh hammer on the catch ready for the fingers to free in the repeti- 
tion of the note.” 

The difference between the old system and that of M. Collin 



Fio 84 —Modem key .board oartUon at St. Germain TAuxerroia 


consists then, instead of directly lifting the hammer, in using an 
intermediate mechanism between the lever and the key which 
reduces the work to a minimum 
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Hence it follows that electricity may be used as a motive power ; 
and, indeed, the carillon at Saint Germain rAuxerroLs, besides having 
an ordinary key-board, possesses also an electric one. “ Thus it 
would be possible,” says M. Sii*e, “ for the organ in a church to i)lay 
the chimes : ibis would be quite a new effect” 


§ IIL— Drums. 


We have iiow^ come to the simple insiriimeuts of which the sounds 
are obtained by stretched skins or parchment, and are generally lein- 
forced by a box. They are usually called 
duims and kettle-dniuis. 

Tlie most simple of these instruments 
is the tambourine, formed of parchment 
stretched over a cylindrical hoop, and fur- 
nished all round with small bells or small 
jdates of sounding metal. The instrument 
is held in one hand and is stnick by the 

back of the otlier, or the thumb and fingers aie passed over the 



S'* —Iht* tuiitlfouiiiic 
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surface. This gives both a rhythmed vibration of the parchment 
and sounds produced by the shaking of the little bells or plates. 

K 2 
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The military drum is composed of a brass or wooden cylinder, 
covoied at the two enls with two skins stretched out by hoops, 



J i( ss — Poi-il m (huius 


uhlcli may he tightened more or less by a system of cords outside 
the cylindei. Tlie upper skin, which is stiuck ^Mth the diumstick, 
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is thicker than the lower one, which vibrates undei the intiuence ol* 
the cylindrical mass of an inside. Two catguts are stietched across 
the drum and placed against the skin : in vibrating, tliey sirike the 
skin and give a peculiar tone to the note. 



j i< s«> — TIm Knu 


Drums can be made with notes wliicli to»etlier loriu ii musicul 
harmony of a third, fifth or octave. For this they must be ot liorno- 
loffous dimensions in the inverse ratio of tlie number.^, 1, j, 2, tliat 
is to say, proportional, for instance, to the numbeis ,>0, 24, 20, and 
l.'i. Tliis i.s tlie law of tlie vibrations of the columns of air inclosed 
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in drum cylinders. Drums can be tuned a whole octave by various 
contrivances for straining the membrane. 

Kettle-drums are a species of drums in which the skin is stretched 
over a metal box rounded underneath : they are used in the cavalry. 
The drummer carries this double drum on either side behind the 
pommel of his saddle, and he strikes it with balls- covered with 
leather; in this way they give out a more agreeable sound than if 
they were struck with an ordinary drumstick. 

These instruments have been introduced into our orchestras, but 
care is taken to tune them to a third or some other musical interval, 
by constructing them of diiferent sizes, and by stretching the skin 
more or less tightly. 

The drum is a very ancient instrument, and under diversified 
forms, widely spread in civilised and barbarous countries. The 
tambourine, used in village fPtes in Provence, is an elongated drum 
which the performer beats with one hand, accompanying himself on 
a little three-holed flute. One of the most original forms of the 
drum is that of the Japanese tambourine represented in Fig. 89. 
This is the hing-kou ; the performer strikes the skin with two sticks ; 
the instrument rests on a double stand or foot, which prevents the 
vibrations from being du^ed by the ground. 
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CHAPTER HI. 

STRINGKD INSTRUMENTS. 

§ I. — Ancient Stringed Instruments 

OTEINGED instruments may be traced from the most remote 
^ period. We know that David played on the hai'p before the 
ark sacred to the Jews, and the sounds which he drew forth were so 
melodious that Saul was preserved from being tormented by the devil. 
It is not known whether this harp was the hazar, the kinnor, or the 



Fi» M — ^I'Le haul of the Jews Fio 91 — ^The tiebel 


nebel, represented by figures 90, 91, 92, and 93. But it is certain 
that the term always refers to instruments composed of a sounding- 
box of wood or metal, to strengthen the notes of the strings stretclied 
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over one of its sides. Tlio harp used by David must have been a 
portable instrument, as he danced at the same time that lie played 
and sung. 

The lyres or cithane of the ancient Greeks were instruments 
similar to those of the »lews. Four, five, seven, nine, or more 
stretchi‘d strings, communicating their vibrations to the supports and 
cases, which took various forms, of which they were constructed, then 
to the masses of air inclosed in them ; such were the instruments 
vhich were chi(»fly used to accompany the voices of rhapodists or 
j)oets. The strings \Nere ]>ulled with tlie fingervS or struck with the 
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plectrum, a rod of ivory or polished wood which the performer held 
in his right hand. 

Who was the inventor of the lyre ( According to the ancients, 
Mercury or Apollo, for they could not imagine that too noble an 
origin could be given to such an enchanting art as music. Had not 
Orpheus, by playing on the lyre, tamed wild beasts, moved trees and 
rocks into tears, won over Cerberus, and touched even inexorable 
Pluto, when he dragged Eurydice to the infernal regions ? 

But we will here leave fable, however ingenious and touching it 
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may be, and call to mind onl)* that the (i reeks studied the lyre not 
only as artists or poets, but as jdiysicists, for they understood the 
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relations of sonorous intervals and lengths of the strings, the diseo\ ery 
of these laws going as far back as the time of I’ythagoms. 
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We now come to modem instruments, the construction of which 
is based on the vibration of sonorous strings, and wliioli like the 
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ancient ones are composite : the sounds of the strings being too feeble 
by themselves, they are strengthened by boxes in which the included 
air and sides enter simultaneously into vibration. 

We shall divide them into three classes, according to the method 
of vibration of the strings. In the first, we shall group the .bow 
instruments of the violin class. In the second, the instruments with 
strings which are plucked or pulled, either by the fingers of the 
performer, or by a point of wood or quill ; an example of this class is 
the harp or guitar. Lastly, our third class will include instruments 
wi^h strings which are made to vibrate by the fall of a hammer; 
these are instruments with keys, of the piano class. 

It is clear that another classification would be possible, that we 
could distinguish between instruments with fixed lengths, each of 
which only gives one note, and those with strings which can be 
shortened at will by the performer, and therefore are susceptible of 
variation either in a limited or indefinite manner. It would be 
possible also to arrange them according to the nature of the sub- 
stances of which they are composed, and of the tones they produce. 
But these difierent points of view only affect indirectly the subject of 
which we treat. We wish only to point out on what principles of 
musical acoustics the construction of each type of instrument is 
founded. 


§ II. — The Violin. 

We will begin with the most perfect of musical instruments, the 
violin. As in most stringed instruments, we have to study, first, two 
principal parts, from a sound-producing point of view, one being the 
system of strings from which the sound originates, the strings being 
put directly into vibration by percussion produced either by pluck- 
ing with the finger or by the friction of a bow ; the other part con- 
sisting of a hollow box or chest on which the strings rest, and which 
is intended to strengthen the sounds produced and to give them the 
qualities of power, sweetness, and mellowness, and to impart to the 
instrument its peculiar tone. 

The sides of the box and the mass of air contained in it contribute 
in a certain measure to this result. We will describe these two parts 
with special reference to the functions they have to perform. 




PLATE VI — JAPANESE MUSICIANS. 
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The sounding-box of a violin is formed of two almost similar 
plates, A B, shaped as shown in Fig. 9r>, and hollowed out at the middle 
of either side in order to give free passage to the bow in its move- 
ments backwards and forwards across the strings. Tlic lower ])late, 
or “back,” is made of a hard and close-grained wooil, generally of 
beech, as well as the lateral plates, sides, or ribs which connect it all 
round with the upper plate or belly. This latter is made of a light 
M7)od, either deal or cedar, ^ and it is strengthened i)iside by a 
])iece of wood, c c, tlie “sound l)ar,” elliptical in form and fixed 
longitudinally, and a little on one side of the centre line. The 
up])er ])late or l)elly is })ierced on each side, at its naiTowest part, 
ill the positions, x y, with two openings called “ sound-holes,” or 
more commonly “/ holes.” Between the / holes is placed the 
bridge r, a small piece of wood with two feet, peribrated in order 
to give it elasticity, and to prevent the sonority of the instrunumt 
being impaired, and also intended to serve as a support to the 
strings. These, wliicli are four in number, are attached at one end to 
the tail-piece d, which is fastened by a string and liutton to tlie 
lowest part of the ribs or sides. This tail-])ieee has four holes made in 
it through which the strings are passed and fi\(‘d by a knot ; at the 
other end, the strings rest on the nut rjy and enter the hollow jiart of 
the head, de, and are then wound on tlie pegs. Between the nut and 
the bridge, and below the strings, is the tinger-board /, a convex 
])iecc of ebony which is joined or glued to the neck, and jirqjects over 
the belly without being in contact with it. Lastly, between the two 
plates or the back and belly of the violin, and almost below the right 
loot of the bridge, that is to say, on the same side as the tirst string, 
or chanterelle, and on the ojiposite side to the sound-bar, is a small 
(*ylindrical piece of wood rr, which is fixed vertically, so as to connect 
the back and belly, and is called the “ sound-post.” 

Such then is the sounding-box of the violin. We M^ill now pro- 
ceed to consider the system of strings and their mode of arrangement 

^ Swiss pine or Swiss fir was preferred by the old Italian makers for the belly, 
on account of its feeble density and rapidity in transmitting sound ; and maple for 
the back, as in this wood the propagation of sound is much less rapid than in 
deal, — T r. 

• The holes ” are of the form most suited to afford a connection between the 
outer air and that inclosed in the body— without destroying the continuity of fibrous 
surface ; at the same time greater “ play is admissible in the face. 
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on tbe instrument. The arrangement consists of four cat-gut strings 
of equal lengths, but of unequal thicknesses. The thickest or 



]<io t)6 — The \ loliii lungitudma] and tranat eme seetioiiK 1 he \ iuliii \ lewed in fiuut 
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fourth to the left, is a wii-e string, that is, the gut stiing is covered 
■with plated copper or silver wire, which gives to the notes })i-oduced 
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from it a penetrating and metallic tone. The smallest or first string 
is called in French the chanterelle; and is on the right side of the 
finger-board or the bridge. 

By turning the pegs around which the strings are wound, a 
tension is given to them, so that at will, the height of the fundamental 
note may be varied gradually, according to the well-known laws of 
the vibration of strings. In this way, the instrument is tuned ; after 
having taken the unison of the diapason which gives a (870 vibrations 
a second) with the second string on the left, the other strings are 
screwed up to give the following notes, in fifths : — 


4th string (wire-covered) or thick string . . . (i 

3r(i „ D 

2nd „ .... A 

1st „ or chanterelle K 


The violin having been tuned, the performer holds the instrumenl 
between the chin and the left collar-bone, resting the neck in the left 
hand, in such a way that the fingers may be placed easily on the 
strings at certain distances from the nut which vary according to the 
heights of the notes to be produced. The bow is held in the right 
hand, and by its friction applied with more or less force, puts the 
strings into vibration ; its action being in a direction always parallel 
to the plane of the bridge, or at a right angle to the length of 
the strings. 

Figs. 97 and 98 give the points where the fingers ought to be 
placed on each stiing, in order to produce the successive notes of the 
scale, with the lowest G for the initial note. It is quite clear that 
instead of passing from one string to another (which is done without 
changing the position of the hand, or, technically speaking, without 
“ shifting ”) one can produce the same notes (at least the notes more 
acute than the fundamental note of each succeeding string) on a 
single string, by moving the hand forward towards the bridge, and 
placing the fingers at points at greater distances from the nut. This 
will be understood by looking at the diagram in which these positions 
are marked, as far as the middle of each string, this point correspond- 
ing to the octave above the fundamental note of each string. 

One word now on the way in which the instniment ^ ibrates when 
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the strings are touched by the bow. The bow is furnished with hairs 
equally and smoothly stretched out like a ribbon 



and rubbed with rosin, and when drawn across the 
string it produces a rapid series of shocks more or 
less distinct, which, according as the bow is moved 
up or down, displace the string to the right or left 
from its state of equilibrium and give it, at each 
short interval, a series of periodic oscillations, the 
velocity of which depends upon the leiigtli of the 
vibrating portion, the tension of the string, and its 
diameter. By these multitudinous and isochronous 
vibrations, a note is produced the ])ttch of which 
is determined by the number of vibrations within 
a second of time. 

If it were the string only tliat vibrated betw^een 
its points of sup])ort, wliich are, on the one hand 
the bridge, and on the otlier tlie nut or the finger 
acting as a nut, the tone would be thin, without 
fulness, and without brilliancy But by means of 
the bridge, the vibrations of the string are trans- 
mitted to the belly, and from thence, either by the 
ribs or sides, or by the sound-post, to the back and 
through the entire instrument. But the mass of air 
contained between these t^^o plates has an important 
jiart to ])lay through the vibiafcions which are com- 
municated to it. It has the effect of imparting 
strength to the tone like a tube of large area and 
little depth, and this explains why it strengthens 
all the notes emitted by the instrument, although 
there are always, in the indefinite series of tlie 
notes of the violin, some amongst them which come 
out with more force and fulness than others. 

The / holes are necessary to transmit the vibra- 
tions of the mass of air inclosed in the sounding- 
box, outside, to the exterior air. Without the / 
holes, the notes would be dull. Savart, who long 
studied the mechanism of the violin, in a series 


remarkable ex]ieriinents discovered that this mass 
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of air must be otherwise quite isolated; lie found that by making 
openings in the sides, the tone became thinner in proportion as the 
holes were wider, and also that the vibrations of the plates were 
individually imperfect. 

The sides of the sounding-box of the violin and the mass of 
inclosed air vibrate together in unison, as was also proved by Savart. 
Nevertheless, taken separately, the two plates ought to give two 
notes difiering about a major second from each other. Nearer the 
unison, they would cause beats or throbs in the notes : further off the 
notes would be able to blend with difficulty. Moreover it is the 
upper plate or belly which vibrates with most power: this is the 
reason why it tS necessary that the wood of this pait of the instru- 
ment should be fibrous, elastic and light. The lower plate or back 


4th string. 

3rd string. 2nd string. 

1st string 


^ ^ J -J- 1 
+ 1 

-t- 

2 S > 1 2 3 4 

4 1 4 - 

’ 1 2 3 

-t ' j 

4 


Fia 98- 

-Finger board of the Molin, fingeiod 




is designed to give a reciprocating resistance to the motion trans- 
mitted from the belly ; it has not merely to receive but to return the 
impulses and intensify the shocks. If it were only equal to the belly 
in rigidity only a see-saw motion would result adding notliing to 
the power. 

The sound-post of a violin is a part of the instrument essential to 
the sonorousness and the quality of its tones. According to 
Savart, its function is to give out the normal vibrations of the two 
or conjoined plates. To prove his view, he pierced the two plates 
and vibrated the strings normally with the plates, by passing the 
bow through the openings ; then the sound-post became useless. 

M. Daguin^ on the other hand, in noticing Savart s opinion 

* The theory of M. Daguin is untenable. The possibility of transversal drag of 
the bridge is set aside by the fact that the acting string is one out of four, and the 
tension of each string averages l81b.— 54 against 18 holding the bridge in posi- 
tion. The bridge is really supported on both feet, one by the sound-post, the other 
by the sound-5ar, else the strings least upheld by the post would burst the belly. 
The value of the present arrangement is in its securing everj'wheie responsive 

L 
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respecting the sound-post, pronounces it inaccurate or incomplete, and 
the reasons lie produces in support of this criticism appear very just : 
'^Ipon this explanation,” he says, ‘‘one cannot understand why the 
sound-post must be under one foot of the bridge and not in the 
middle. A second post under the other foot ought to increase the 
effect, whereas it would in fact deaden the tone of the violin. .Ought 
jiot the ribs, moreover, to produce the same effect as the sound-post ? 
Fpon due consideration, it appears to me that the effect of the sound- 
post ought to be explained in the following way. The sound-post has 
the effect of giving to one foot of the bridge a support by means of 
which the vibrations are communicated to the belly through the other 
foot. If one of the feet were not supported on a hxed^oint, it would 
rise up whilst the other would fall, because the strings do not vibrate 
normally with the belly, for the bow being in practice drawn over 
them very obliquely would, if the bridge had no fixed point, drag it 
in a transversal direction.” 

This is the reason also that the bridge has two feet resting on the 
belly. It is perforated because if its bulk were greater, the strings 
would only communicate feeble vibrations, and the sonorousness of the 
instrument would be diminished.^ This is exactly what is done in 
passages which are to be played pianissimo, and are accordingly 
marked con sordini, that is, to be played with a mute. The mute, 
which is a piece of wood or metal fixed on the bridge, communicates 
to the notes of tlie instrument a peculiar tone of a muffled, dull, 
and melancholy character; pressure, however, answers as well as 
increased weight. 

Savart, who made stringed instruments the subject of much study, 
tried to account for the influence exercised on the tone by the form of 

elasticity. To the first string, the post secures by its direct pressure a special bril- 
liancy, whilst the bar having less rigidity in support, although equal to its work, 
gives to the other strings a more mellow body and sympathetic fulness of tone. The 
sound-post is set back to ensure that the bridge gives its full transmission to the 
belly before its vibrations pass to the back, so that nothing is lost. — H. S. 

^ It was Stradivarius who finally determined on the present form of bridge ; and 
it has lieen found that modifications of it tend to diminish the tone of a good 
instrument. 

* The perforation has no reference to bulk ; if the form is truly studied, it will be 
seen that it is a spring (as a carriage spring) —and no doubt Stradivarius saw the 
desirability of providing this reciprocity of action. -H. S. 
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the violin, and the nature of the substance with which the sounding- 
box is constructed. He himself made a trapezoidal violin, with flat 
plates and rectilinear sides, and this form in a musical point of view, 
had good qualities. But violins of glass, china, and metal, which 
have been tried, are worthless. Evidently, the specific lightness of 
the plates, the fibrous nature of the deal used for the belly, and its 
elasticity, are conditions essential to the regularity and fulness of the 
vibrations. The best instrument-makers know and apply the rules of 
their art traditionally : the variable thicknesses of the wood for the 
plates on the different parts of their surfaces, tlie quality of the wood, 
the relative proportions of each part of the instrument, tlie fitting, 
and lastly, anfl above all, the nature of 
the varnish applied to the outside surfaces 
of the violin, form a series of facts acquire<l 
by long practice and numerous experi- 
ments, the scientific analysis of which 
would be very delicate and ditficult. 

The age of violins, and their constant 
use in the hands of first-rate playeis, 
appear to have an effect on their qualities, 
it is possible that the elasticity of the 
fibres is developed under the influence ot 
regular and accomplished playing. This 
is the opinion of artists and physicists of 
note.^ 

But it must not be forgotten that the 
beauty of the tone of an instrument of this pio ft»-savart’s trapezoidal vioim 
kind depends, in great measure, on the 

talent of the artist in whose hands it may be. Nearly his whole skill, 
from this point of view, lies in regulating the pressure by which his 
right arm, or more properly speaking, his right hand directs the bow, 
and the clearness and force with which the fingers of the left hand 
press the strings. The purity of the notes, their power, mellowness, 
the thousand varied expressions, of which they are susceptible, all 
these marvellous qualities depend doubtless on the excellence of the 

^ Helmholtz says : A great deal of the superiority of old violins may well be 
due to their age and long use, which two circumstances cannot but favour the 
development of the elasticity of the wood.’* 

L 2 
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instrument to a certain degree; they are, however, chiefly dependent 
on the skill of the performer: the power of expression, and musical 
feeling, added to these material qualities, constitute his genius. 


§ III. — Bow Instruments of the Violin Family. 

All that has just been said of the violin may be applied to all 
instruments of the same class, of different sizes, but having almost 
the same form and construction, externally and internally, and 
played, like the violin, with a bow, and also by plucking the strings, 
termed, in musical language, playing pizzicato. The tenor, alto, or 
viola, which was also formerly called the alto-viola, is a violin of 
rather larger dimensions, tuned to the fifth below the violin, with two 
wire covered strings, and two ordinary gut strings producing as 
fundamental notes, c, G, d, a. Formerly the tenor was played by 
resting the instrument on the knees or on a table, with the same 
bowing as the violoncello. In the present day, it is held under the 
chin, and is used in precisely the same way as the violin. The 
violoncello is much larger than the violin or tenor, and tuned like the 
latter, only an octave lower. It is held between the legs of the 
performer, so that the bow is worked in a direction contrary to its 
action on the violin, the lower-toned strings being towards the right 
of the performer instead of tlie left ; lastly, there is the contra-lasso 
OP double bass still larger, the open strings of which are an octave 
lower than the violoncello. 

It may be interesting here to notice a singular defect observable 
in certain notes of the violoncello. In sounding a particular note on 
the third or G string, an unpleasant jarring tone is produced, termed 
by musicians the “ wolf ; ” the note itself, which varies on different 
instruments, but is usually either the E or F, being termed the wolf 
note.” The same effect, though in a minor degree, is produced by the 
corresponding note on the second or D string. The "'wolf** is found 
in nearly all violoncellos, even in fine instruments by the great 
masters, but science has hitherto failed to account satisfactorily for 
the defect. When the " wolf note ” is sounded, the whole body of the 
instmment vibrates in an unusual degree, especially the belly, 
probably on account of the elasticity of the deal of which it is 
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constructed ; but it has been found by experiment that by applying 
pressure, that is, imparting increased rigidity to that part of the belly 
where the vibration appears to be greatest, the ‘'wolf’* will entirely 
disappear. It has therefore been thought that if the belly could be 



Fxo. 100.— Inttrumentt of the violin olaes : alto or tenor, violoncello or ba»«, and contra-basso. 


strengthened or stiffened without adding materially to its bulk or 
altering its proportions, the desired result might be obtained. 
Accordingly the experiment has been tried of glueing small pieces of 
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light deal elliptical iu form, like the " sound bar,” longitudinally on the 
inner side of the belly across the /holes, where the belly is weakest. 
The result of this is that the "wolf” is, indeed, no longer perceptible, 
but, on the other hand, the quality of the tone of the instrument 



hio 101 —A tiolin of the Ouai^jiji 


^^ciierally is impaired. Tins remedy, tlierefore, cannot be recom- 
mended for adoption. To the performer the ''wolf'' is always more or 
Jess of an obstacle, hut one which, for all practical purposes, can be 
effectually surmounted by paying close attention first to the position 
of the ‘^sound-post,'’ which must be ascertained by experiment, and 



ri« 102 — African vinlm 


secondly to the size of the string, since it will be found that the 
“ wolf ” increases in intensity in proportion to tlie thickness of the 
string. The “wolf” is found in all instruments of the violin family, 
but is most apparent ill the violoncello.^ 

^ The “wolf” occurs in its worst form in the wind- viol When the string is 
forced to speak at the obstinate point, the instrument seems inchned to shake to 
pieces with the intense constrained vibration. 

I think “ wolf” might be generally defined as sympathetic “ interference.” I have 
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We shall only mention here modern stringed and bow instruments 
used in Europe. Formerly, the instruments of the violin family 
were more numerous and of great variety. Viols generally had six 
strings, bass-viols seven, and the viola do Bardone of the Italians had 



Jia. lOH —Persian Violm and tainbourin*' 


110 less than forty-four strings, but evidently all these strings could 
not be touched by the bow. The greater number of these strings 

tried intense string sounds upon a clean fir sound-board, and noticed how the dust 
was absolutely sucked in. Blackening the planks to their centre, this excessive 
action would amount to dislocation rather than displacement of fibre, and account 
for the fact which you justly notice.— J. B. H. 
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were of metal ; they were tuned, some to unison and some to harmonize, 
and were resonant by sympathy or concurring motion. The alto- 
viola or quint, the viola da gamba or leg or bass-viol, and the contra 
basso di viola, or double-bass viol, are the only three types used in the 
present day, and are called the tenor, violoncello and donblc-bass. 

We have thought it interesting to the reader to illustrate some 
types of instruments similar to the violin, taken from foreign 
countries. The Persian and Chinese violins do not appear to be 
constructed with greater art than those of tlie African savage tribes, 
or tlie violins of the Ouadjiji. They are very curious specimens of the 
infancy of the art, and of types with which the Amatis, Stradivariuses 
and Vuillaumes have nothing in common but the name. 


§ TV. — Tiik Guitar — The Harp. 

Tlie guitar and the harp arc types of another class of stringed 
instruments. In these the vibrations are not produced by the friction 
of a bow, but by plucking with the fingers, or by striking with a piece 
of wood or quill ; but, like instruments of the violin family, the notes 
of the strings are strengthened by a sounding box, the vibrations 
of the sides of which as well as the mass of contained air, heighten 
the effect. 

In the guitar, the absence of the bridge, and the manner of 
vibrating the strings, causes the notes to be of much less power and 
sonorousness than those produced by bowed instruments. It also pro- 
duces a very different tone, which gives to pieces played on the 
guitar a light, sweet and also a melancholy character. Moreover, 
this instrument is fitter for accompanying the voice than for solos. 

The number of the strings varies. Each of them is struck or 
plucked, either on the open string, in which case it produces the 
fundamental note, or when shortened by the pressure of the fingers 
of the left hand, which press it on the frets arranged at convenient 
distances on the finger-board. The performer always plays correctly 

^ Persons interested in the history of instniments will find curious specimens of 
ancient instruments in the Museum of the Paris Conservatoire of Music, a collec- 
tion which is constantly being enriched under the learned and zealous direction of 
M. Chouquet, the director. 
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if the instrument is in good tune, and always falsely if it is not, and 
from this point of view alone it is seen liow infeiior the guitar is to 
the violin. With the latter instruriiout, an artist with a good oar 
coiTects the variations which are produced in the tension of the strings 
during the execution of a piece, by his fingering. In the guitar and 
instruments in which the notes are regulated by fixed frets, such a 
correction is impossible 



Fia. 104 — Chineae stringed ana bow iustiuDients 


The lute, arch-lute, theorbo, mandora and mandoline are of the 
same class of instrument as the guitar, but in the present day are 
nearly out of fashion. They only differ from the guitar in size, form of 
the sounding-box, number and material of the strings and the way in 
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which they are tuned. They are seldom or never used in orchestras ; 
but the guitar and mandoline are frequently used by siwgers in 
southern countries.^ 

The harp, the antiquity of which is proved beyond doubt, is a 
stringed instrument put into vibration by the fingers. Its form differs 






Fni 105 .— Ihc KUitar Fio 106 —1 heorbo oi ai rh lute 

entirely from the violin, guitar or other instruments of these types. 
Although comparatively little used in the present day, it deserves a 
special description. The plucked string is almost the symbol of a 
pure and pleasing sound, owing to the great predominance given to 

* The origin of the guitar has never been determined. We have this instrument 
from the Spaniards, among whom it was really introduced by the Moors. The 
general opinion in Spain is that it is as ancient as the harp.” — Diderot et 
d'Albmbert^s Encyclopcedia.- [Surely the Moors took it from the Egyptian tarn- 
poura ” ghitterncitheru j. 
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the fundamental, and probably its disuse is a sign of a* taste 
vitiated by the mixed tones of modern 
* chamber instruments (harmoniums, &c ) 

Formerly its construction was veiy 
simple ; but it has been greatly improved 
in modern times. The harp is now com- 
posed of three parts, each of which cor- 
responds to the three unequal sides of a 
triangle, as represented in Plate VII. The 
box, or sounding body, is composed of eight 
pieces of wood joined together, on which 
rests a plate of fir pierced with a certain 
number of sound-holes in the form ol 
roses or clover. On this plate the strings 
are fixed by means ot so many little but- 
tons ; at their other extremity the strings are fixed to the more oi 



h i« 107 — llie mandohno 



less bent console, which constitutes the upper part of the triangle. 


^ To play the “ Taki Koto,” the performer fixes by little leather straps on the 
tips of each of her fore-fingers a piece of almond-shaped ivory — or split-almond flat 
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Then the strings arc wound round pegs which enable the proper 
tension to be given them and tlie instrument to be tuned. In 
the lower part of the case, or at the foot of tlie harp, run out rods 
fixed in the third side of the triangle. Each rod is connected in the 



Fio 109 —Mechanism of the harp. Key-board and pedals 

AB Section of key board, levers of tlie pedals, bolts and springs - 2 Pedals —3 Mechanism of a 
pedtU p, rod —4 a, arbor turning under the action of the pedal, causing the boot 0 ot the hook to 
move, and resting the stnng on the nut c - 6 A spring serving to draw back the rods to their 
positions when the action ol the pedal ceases 


foot, with a pedal which the performer presses when necessary to 
sharpen or flatten any particular note, as will be subsequently 
explained. 

on the side, bound to the finger and rounded on the other— and these projecting 
an inch beyond the finger-tips she uses to pluck the strings, thirteen in number, 
made of silk or similar fibrous material She arranges the bridges m a manner 
suitable to the music of her country and the relation of its tones. — H. S. 
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At its other extremity, the rod is connected with a system of levers 
which, by means of mechanism in the console, press all the strings of 
the same name against nuts, w’hich thus shorten them in the proportion 
required by the laws of vibrations of strings in order that each note 
may be sharpened throughout the instrument. The mechanism may 
easily be understood by the help of figure 109 



Fia no — Wolsh ha^p 


There £ire naturally seven pedals in the harp ; three on the side of 
the left foot, used for sharpening the notes b, i\ n, and four on the 
side of the right foot, to sharpen the notes B, f, o, a ^ 

1 When the harp is played without pedals, the key m that of F (with one flat; 
The pedal B raising all the Bi? notes a minor second, makes them B natural, and the 
key then is C natural. 
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The performer on the harp places the instrument between the legs, 
the sounding-box resting at its upper extremity on the right shoulder, 
the strings and rods thus haring a vertical position. He plucks the 
strings with both hands, the right being more particularly reserved for 
the upper notes, that is to say, for the shortest strings, the left hand 
playing the larger strings or bass notes. The compass of the harp is 
generally from four octaves and a half to five octaves, giving thirty- 
two or thirty-five strings from the B of the lowest strings (corre- 
sponding to the first B of the double bass) to A, which is in unison 
with the A open string of the violin. But in the present day harps 
have as many as forty-two and even forty-six strings, having as large 



Pio 111. -The Burmese harp. 


a compass as that of pianos with six octaves. The beauty, purity, 
and brilliancy of the tones of this instrument causes its disuse to be 
regretted. The harp is now only as a rule found in the hands 
of strolling musicians, and talented harpists are rare. As the 
mandoline or guitar are the instruments preferred by southern 
countries, of Italy or Spain, so the harp is the national instrument of 
the northern countries, and especially of Ireland and Wales. The 
Welsh have a national instrument which they call the telyn. It is a 
harp with the peculiarity of having three rows of strings, the 
middle row corresponding to the black notes of the piano (sharps and 
flats). The telyn is played on the left shoulder and with the left 
hand. The Welsh harp is hence of a much more simple construction 
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than the usual form wliicli we have described, the middle low of 
strings rendering the mechanism of the })edals, rods, and h^vcis 
of the console useless; also the large number of strings makes the 
fingering more intricate. The Burmese harp represents the Eastern 
and Egyptian type which had no “pillar” to connect the framework ; 
tliis was due not to ignorance but to design, a greater sympathetic 
resistance being thereby gained than would be imagined — through 
the “ bow ” action of the su])i)ort. 


§ V— Thi: Vixm) 

From stringed instruments, the vibrations of which are brought 
out by using the bow or touching with the fingers, we pass to those 
having strings which are struck by hammers, and put into motion 
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from a key-board. The piano, now so generally used, is one of these ; 
and is pa7- excellence a woman’s instrument, being les.s fatiguing and 
more fertile in musical resource than the harp, but not superior to it 
in lieauty of tone. 

There arc three important parts to consider in the piano; the 
sounding body or case, the strings, arid the mechanism of the keys 
and hammers. 

M 
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The case varies in form, according to the general arrangement 
of the instrument, which may he horizontal or vertical. This 
arrangement having nothing essential about it, we will confine our- 
selves to that which is prefered by piano players for the most 
favourable development of sound, and we will describe the one 
(ailed a grand piano. In this the case has the form of a long 
triangle, similar to a harj), lying horizontally. The sounding case is 
of ’wood, generally oak, with a thin lining of fir, foraied of several 
]>ieces glued and joined t()g(*tlier; the sounding-board is for the same 
purpose 111 the piano as the u]>per plate, also made of fir, in the violin. 

Tt receives the first impression of 
the vibrations of the strings, and 
through its fibres these are commu- 
nicated to the case of the piano, but 
j>iirticularly to the mass of air con- 
tained in it. 

Above the sounding-board and 
parallel with its plane, the strings 
are sti etched on an iron frame-work 
stiengthened with bars of the same 
m(*ttil, which give firmness and pre- 
\ent tlie irame giving under the 
tension of the strings These are of 
metal, tJieir length and thickness 
being regulated according to the 
])itc*h and volume of the note re- 
quired. Each note is represented by 
a double string for the Iom, and by a triple string for the middle and 
upper notes. 

All the wires are of steel , but the lower ones have copper or 
silver wire wound round them. These combinations are conformable 
to the laws of the longitudinal vibrations of strings which teach us 
that the number of these vibrations, that is to say, the pitch of the 
note given by a string, is inversely proportional to its length, 
diameter, and tension. 

The instrument is constructed in such a way that one of its 
elements, the tension of each string, is lett to the free will of the 
tuner. Ily using an iron instrument or key, the tuner stretches each 
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of* the stiings in order to produce the series of notes of the diatonic 
and chromatic scale. This is generally done by means of comparison 
from one fifth to another, and requires great delicacy of ear, and a 
certain amount of skill, as temperament must be taken into account. 

The necessity for temperament^ in keyed instruments may be 
regarded as springing from the fact that the exact concords, viz., tlie 
octave, fifth, and major third, are intervals incommensurable in magni- 
tude. In rigorously just intonation the constituent notes of a certain 
number of exact concords are provided, and consequently the ])r()])or- 
tion of available concords to the number of notes is small. Mr. Ellis’s 
system of X)uodenes is a method for dealing with just intonation of 
this type. 

Temperaments of different kinds are systematic processes, in which 
these intervals are altered by small quantities so as to make them 
commensurable ; let us employ an old rule as an illustration . — The 
interval of the major third is to the octave as the diameter of the 
circle to the circumference, very nearly. (Smith’s Harmonics, Preface). 
But on ordinary keyed instruments thiee tempered major thirds 
make an octave exactly; consequently all the thirds are too large, 
just as three diameters would have to be stretched to make the 
circumference of a circle. 

Again, the fifths of the ordinary key-board are too small by about 

of a semitone; tuners learn to estimate this hy the cur with 
varying accuracy. Tlie system thus obtained is called the i(/nal fern- 
perament : it is now universally used ; in it the octave is divided into 
12 equal semitones. Four of these constitute a tempered major third, 
which is ’137 of a semitone sharp ; seven equal semitones constitute a 
tempered fifth, about of a semitone flat. 

There are many temperaments other than the equal temperament 
which possess historical and other interest. In all of these commen- 
surable relations exist between the fifths, thirds, and octaves ; but 
temperaments may be divided into tw'o i>rincipal classes : non-cyclical, 
in which neither the fifths nor the thirds taken alone are comnieinsur- 
able with the octave ; and cyclical, in which they are so. Of non- 
cyclical systems we may enumerate : (1) the Pythagorean system, in 
which everything is tuned by exact fifths, the thirds being sacrificed ; 
(2) the mean tone system, in wliich the fifths are sacrificed to the 
thirds — this was Handel’s system ; (3) a system known as Helmholtz’s 
^ For these remarks on temperament we are indebted to Mr. Bosanqnet. [Ed.] 
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system, or approximately just intonation. Of cyclical systems, the 
most important, besides the equal temperament, are the divisions of 
the octave into 53 and 31 ecjual intervals respectively. 

Systems have to be divided into two classes in another w’ay, viz., 
with respect to the nature of the relation between their fifths and 
thirds. Systems of the one class have properties analogous to those 
assumed in technical music, those of the other require treatment dif- 
fering in many important respects; these latter present the more per- 
fect concords, but the | and notation becomes unmeaning with 
reference to tliem. Helmholtz’s system and the system of 53 are of 
tliis latter class. 

Tlie sharp thirds of the equal temperament do not appear to offend 
ears accustomed only to them ; and with soft qualities of tone they 
arc but little offensive to any ears. But the stronger ami sharper 
the tone the worse is the effect. The harmonium derives the greater 
])art of its unpleasant character from the prominence which its 
peculiar tone gives to the effect of temperament. Instniments with 
sustained tones suffer more from temperament than percussion instru- 
ments, such as the piano. Tliere can be no doubt that the equal 
temperament must be retained in practice so long as the ordinary 
key-board is emjdoyed, other key-boards have been proposed from time 
to time ; and Mr. Bosanquet has constru(*ted a ‘‘ generalised key- 
board,” by means of which all temperaments ran be dealt with in a 
complete form, within certain limits.^ 

I^et us suppose the operation of temperament to have been 
accomplished ; the piano is said to be tuned, and the whole series of 
successive strings are stretched so as to vibrate in unison with notes 
which compose the six or seven octaves of its key-board with their 
sharps and flats. Now how is each string or several strings put into 
vibration at once ? 

It is generally known that this is accomidished by placing the 
fingers of the two hands on the ivory and ebony keys arranged 
horizontally, and by holding them down for a certain time. But the 
mechanism by which tins is actually accomplished is not so clearly 

^ For historical references on systems generally, see Ellis, Froc. R, 8. 1864 ; and 
App. to Ellis’s translation of HelwholUs on the Sensations of Sound, For the 
general treatment by Mr. Bosanquet, see Free, R, S, 1875 ; and the article 
“Temperament” in Novello’s THctionanj of Musical Terms, 
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understood, that is, what it is precisely which produces the sonorous 
vibrations, and stops or prolongs them at will ; lessens or gives them 
their full power. It will be seen that this mechanism is really veiy 
sinjple. 

Below the strings are arranged hammers m, m, (Fig. 11-1), 
wliich, when each key is at rest, remain side by side at a certain 
distance from the double or triple string wliich oorresjionds to eaeli of 
them. By pressing down a key, that is to say, on lowering one arm 
of the lever which constitutes the arrangement, another arm is raised 
up ; the corresponding hammer is sent sharply in the vertic.al 
direction, and strikes the corresiionding string which then vibrates 
under the influence of the blow. We must now see how tliis 
movement of the hammer is effected, how it again falls after the 
shock without n'bounding, and without making any miise. Fig. 114 



explains the entire metdianism to us. Let us follow the series of 
effects produced by the movement of iiressing down the key. 

ah is tlie string, aob the key resting on the point o. On pressing 
n, the arm of the lever oa is raised, lifting an escapement a which 
strikes the extremity e of the handle t of the hammer. This 
hammer which is at first in the position M, then takes that of m', and 
strikes the string which vibrates under the influence of the percussion. 
But the escapement after having raised the hammer a certain lieight, 
is itself stopped by a button placed oblicpiely ; it frees itself from the 
head of tlie nut of the hammer w^hich again resumes its first position 
on a small bridge H, which is called the chair. This prevents the 
hammer from rebounding, and deadens the noise that it would 
otherwise make in falling. Let us add that the strings which produce 
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each note, and which are struck together when the finger is placed on 
a key, would continue to sound after the blow, if they were not 
furnished with a small piece of wood covered with felt, called 
damper. As soon as the finger rests on a key, the damper e' is 
raised, and the string vibrates; it remains up if the finger con- 
tinues'to press down the note ; on the other hand it falls and cuts off 
the vibration, so soon as the finger leaves it. 

' We must ne\t point out by what mechanism the pedals produce 
the increase and decrease of the intensity of the sound. One of them 
eoinmunicates by a lever with the whole system of dampers. When 
pressed down by the foot, a vertical rod is made to act on this system, 
and all the damiiers are raised up at the .same time; each note is 
therefore prolonged and gives a more intense sound ; moreover, it 
communicates its own vibrations to other stn’ngs bearing harmonic 
relations of pilch to its own tone, so that the sonorousness of the 
instrument is considerably increased. If, on the contrary, the per- 
former uses the other pedal, a slight movement from left to right is 
communicated to the key-board, each hammer then only strikes 
one or two of the three strings designed to produce the tone or sound, 
the intensity is thus diminished one or two-thirds. 

The piano does not date further back than the second half of the 
eighteenth centurj'. It is nothing more than an improved clavecin, 
an instrument fiist made in Italy, whence it has been imported to 
European countries The clavecin often had several key-boards ; but 
that which di“tiiiguished it from the modem piano, was the way in 
which the metallic strings were put into vibration. We have just 
seen that in the piano the percussion of a hammer causes them to 
sound , in the clavecin, or harpsichord, the keys move small pieces 
of wood called jacks, furnished with a crow-quill point. It is 
this point which plucks the strings. The notes of the harpsichord 
have not the same character or tone as those of the piano, they are 
thinner, and sharper, the tone is not so soft, and less sweet and 
intense. 

The spinet was a kind of small harpsichord, with only one string 
to each note, and therefore only one row of jacks. This was in fact 
the primitive form of the harpsichord itself. 
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CHAl'TETl IV 

WIND INSTnUMKNT,*?. 

0 

T O distinguish clearly musical instruments liaving their sounds 
produced by the vibrations of strings fiom those called Wind 
Instruments, wc must not only consider the method of the produc- 
tion of sound, but also the nature of tin* body the vibrations of 
which determine the musical qualities of the sound produced, that 
is to say, its pitch, intensity, and tone. 

We liave seen that generally in stringed instruments the sounding 
body is not only composed of vibrating strings, arranged on a frame, 
but of a wooden or metal box or case, and tlie mass of air (•ontaiiied 
ill it. Now the string alone, by its thickness, length, tension, and 
the substance of which it is formed, determines the musical pitcli 
of the note and partly its tone. The body and the air which also 
enter into \ibration when the string is shuck, plucked, or bowed, 
serve to strengthen the sound produced, without modifying its 
pitch; they have also a great influence on the tone, by giving pre- 
ponderance to one or another of the harmonics of the fundamental 
note ; but they have no appreciable influence on the pitch. 

In wind instruments which we are now about to describe, the 
sonorous body and vibrating mass is a column of air, with a form 
varying with that of the case in which it is inclosed ; the variations 
of dimension and form of this column cause the variations in tlie 
musical pitch of the notes produced, and the sides of the tube only 
serve to modify the sonorousness or intensity of these notes. 
Solidity is the real desideratum in the walls of all pipes. The 
way to produce the note is therefore very different from that em- 
ployed for stringed instruments. It is the column of air which must 
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be set in vibration, and this is accomplished by conveying a vibratory 
movement to one portion of it, generally at one of its extremities 
furnished with an appendage or mouthpiece which facilitates the set- 
ting up of this vibration. As a rule, it is by insufflation produced by 
tlie lips of the performer, or by mechanical means, that the vibra- 
tions are produced and communicated to the air contained in the 
instrument. Hence the name wind instrument. 

These instruments are very varied in form, dimensions, and 
mechanism : some are constructed of wood, others of metal and 
t‘ven glass or crystal. But the most rational classification is that 
which distinguishes them by the spe(ual moutlipiece appropriate to 
x*ach. We shall thus find musical instruments with flute mouth- 
])ieces : thes(j are re])resented by the flute itself and the organ pipes, 
which were employed in studying the vibrations of gaseous columns 
in the Forces of Nature; then come instruments with beating 
or striking and free reeds ; the clarionet and hautboy are the two 
principal types of this series : lastly, wind instruments with that kind 
of mouthpiece emidoyed in the horn, trumpet, and most other brass 
instruments. 


§ L— IxsTRUMEXTs WITH Flite Mottiijukcer — The Fjageolet, 
Fj.l’te, and Fife. 

Fig. 115 shows how the flute mouthpiece is fonned, and liow the 
vibmtions of the column of air are produced by breathing or causing 
a current of air to pass over it. I'lie breath or cumut of air pro- 
duced by the bellows strikes against the bevelled sides, and divides 
into two currents, one of which acts on the interior column of air 
and puts it into vibration : ^ the vibration being the result of the 
successive compressions and reflexions of the strata of air on the 
edge of the bevelling. 

We must not forget that if a vibratory movement is given to the 
column of air inclosed in ])ipes with a section small relatively to the 
length, the sounds produced will have a pitch inversely proportional 

^ Mr. Baillie Hamilton considers it doubtful whether the current is thus split ” 
on the top. He considers that it rather glances off externally, in a continuous 
stream, producing an acro-plast^c “reed,” in addition to itn other functions of 
rarefying, SiC. 
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to the lengths of the pipes. This is true with regard to closed pipes 
— those called the hourdons in tlie organ — as well as open pipes. 
Only in two pipes of the same length, the fundamental note in the 
open pipe is an octave higher than that produced by a closed one. 

With the fundamental nf)te, when increased intensity is given 
to the current of air, successive harmonic notes represented by the 



' 1 K 115 — Oi„an i)iiKJS with flutt mouthpiLCc Fig 116 •— Flute a her 

Section of iiiouthpleic 


numbers 1, 2, 2, 4, etc., in open pipes, and the uneven harmonics, 
1, 3, o, in closed pipes, are also produced. 

Tliis statement of the laws is sufficient to enable us to understand 
the phenomena of musical acoustics produced in wind instruments, 
and the principles to be borne in mind in the construction of each 
of them. The form and the substance of which the pipes are formed, 
the mouthpiece and the way in which it is used, modify the tone, 
intensity, and sweetness of the sounds produced, not to mention 
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those qualities which depend in the greatest measure on the skill of 
the artist, wliich physics cannot analyze. 

Wliistles, flageolets, and fifes are the most simple instruments 

with flute-mouthpieces. In the 



first two, a pipe is fitted to the 
mouthpiece which exactly re- 
sembles those represented before, 
with the exception that the end is 
contrived so as to be placed con- 
veniently between the lips of tlie 
performer. 

The pipe is pierced with a 
certain number of holes made at 
])oints corresponding to the nodes 
of the interior column of air. 
When these holes are all closed 
by the fingers, the sound produced 
is the fundamental note, and its 
harmonica 2, 3, 4, that is to say, 
the upper octave, the third above 
this octave, and the double octave. 
By raising the fingers successively, 
the intermediate notes of the natu- 
ral scale are obtained ; the shaiqis 
and flats being produced by half 
uncovering the holes. 

Flutes are made of wood, box- 
wood, or ebony, ivory and metal ; 
the number of holes and of the 
keys which are used either to close 
or open them varying according to 
the instruments. Fig. 117 gives 
two specimens. In the last cen- 


Fia. 117 —Tlie fliit** Longitudinal and 
transveroal se<*tion of the mouthpiece. 


tury, the flute called the German 
flute, to distinguish it from the 


flute with a beak, was much more simple : it had only seven holes, 


and its compass did not exceed two octaves. This is the ancestor of 


the modem flute. 



CHAP. IV.] 


WIND INSTRUMENTS. 


171 


In the flute and fife, the mouthpiece is an oval aperture, the edges 
of which are bevelled, and in front of which the lips, serving as air- 
conveyers, are placed. There is, moreover, this difference, that the 
current of air determining the vibrations has a transversal direction 
to that of the tube or pipe. 

Fifes are small flutes with six holes, the sharp and lively notes of 
which relieve tlie performance of music. They are frequently used 
in military bands. 


§ IT— Wind Instruments with Ekeds — Tiik Clarionet, Hautboy, 

ANT) Bassoon. 


Reed is the name given to an elastic plate arranged over the 
opening of pipes to receive the action of the current of air which 
is used in producing the sound. 

This plate a h (Fig. 118) is adapted 


in front of the aperture of a hollow 
l)iece cd, either of wood or metal, 
which is called the rigolc. Tlic plate 
or tongue shuts the rigole when it 
falls exactly over its edges ; when 
not pressed down it leaves a passage 
for the air and stands away from the 
edges in its normal position. More- 
over, a metal rod m, with curved ends, 
may be pressed more or less on the 
tongue t, enabling the free portion to 
be increased or diminished. It is this 
free part wLich, in virtue of its elas- 
ticity, vibrates under the influence 
of the wind and communicates its 
vibratory movement to the column of 
air in the pipe. 

This kind of reed is called a strik- 



ing reed. 

In the free reed (Fig. 119) the tongue is fitted exactly on the aper- 
ture of a small prismatic box which communicates with the mouth 
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of the pipe. It is free to vil)rate through this aperture, the vibration 
being of cc^ual amplitude : this is the principal difference between a 
free reed and a beating one, its tones being harder and shriller. 






( > 


n 


00 






O 


C 


Fio 120 — -Ulftnonet Fn, 121 —Hautboy 

Sjctioii of inouthpief e. lYout and side vi«*w of reed 


What then produces the tone in the reed ? It is not the vibra- 
tions of the metal substance which composes it, but those produced 
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by the periodical vibrations of the air. The number of vibrations, 
it is true, determines the pitch of the note. It is necessaiy, then, 
that the reeds adapted to a pipe be of proper dimensions and formed 
of a substance with a certain elasticity in order that its vibrations 
isochronous with those of the column of air of the pipe. The curved 
wii’e also enables this result to be obtained. We shall see, when 
speaking of organ stops, how the notes produced arc modified by the 
reeds, by adapting them to pi])es of various forms wliich then are 
called cornets tVharmonie, 

A word now on musical instruments sounded by means of reeds 
differing slightly from those adapted to oi*gan pipes, but otherwise, 
vibrating in the same manner. First comes the clarionet, with the 
mouthpiece formed by a reed fitted to a pipe of box-wood, ebony 
or ivory, wliich the performer causes to vibrate by blowing into the 
naiTow aperture wliich sej^arates them. The performer’s lijis by 
pressing with more or less force against the two sides of the mouth- 
])iece of the instrument, act as the curved wire and regulate the 
l>itch of vibrations. 

As in the flute, the intermediate notes of the diatonic and chro- 
matic scales nvo obtained, by uncovering the holes successively or 
simultaneously, either by raising the fingers, or jiressing on the keys 
or valves of the instrument. The pipe or body of the clarionet is 
terminated by a sort of bell, shown in Fig. 120. 

The reed of the hautboy is formed of two thin layers of reed 
slightly carved in their cross sections, and placed one against the 
other, their edges and concavities facing each other; in the jier- 
fonner’s mouth, they vibrate under the influence of the current of air 
produced by the breath, and the leiigtli of the vibrating part depends 
on the way in which the elastic jilates are pressed by the lips. 

The bassoon is the same kind of instrument as the hautboy but 
formed of pipes of much greater volume and producing notes two 
octaves lower in pitch than the hautboy. The bassoon therefore is to 
the hautboy what the violoncello is to the violin. 
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§ III. — Wind Instkuments with Bell-shaped oh Horn 
Mouthpieces. 


Ill the iijusical instruments whicli remain for us to notice, tlje 
luouthpiece is simply formed of a tube, widened out in a conical 
foim, or of a tube terminated by a hemispherical cavity which is 
placed against the lips (Fig. 122). In these instruments it is the 
vibration of the lips themselves which is communicated to the column 
of air inclosed in the dill'erently shaped tubes which constitute the 

sounding body of the instrument. These 
vibrations can be produced more or less 
rapidly according as tlie performer pi*esses 
the mouth against the aperture, and as the 
current of air passing through the lips is 
more or less narrowed. It re(iuires great 
l)raciice to calculate the dimension (>f this 
a])ei*ture, and the \elocity and force of the 
(‘urrent exactly to the pitch of the notes 
ri‘(piired — in shoit, to make the lips vibrate 
m unison wdth the fundamental note of the 
instrument, or wdth its harmonics. This is called using the lips. 



Fjo lli2. — Typt'n bell au(l 
horn iiioutlji>icccb 



Flo l2a.~C<ii d’ harmoiiie 


The most typical of wind instmnients with lioru mouthpieces, is 
the horn itself, which is formed of a tube bent into a spiral form. 
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having a large bell-shaped end called the pavilion. Hunting horns, 
trumpets, and clarions are the same kind of instrument as the horn, 



Flo 1-4 —Hunt ILK lioin. 


and all are generally made of brass, only dilferiug from each other in 



Fio 125 .— Trumpet and* lIui urn 


the volume of the column of air, the shape, the tube, and lastly the 
dimension of the pavilion. 
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The notes which these iustraments produce are the natural har- 



Fia 12« -Trombone. I’k, 127 -OiihicleicU 

monies of its fundamental or deepest note; we have already stated, 
how they are obtained. To get the intermediate notes of the scale, it 
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is necessary to stop up tbe aperture of the bell, iii a move or less 
complete manner with the closed hand ; it is difficult, however, to 
obtain in this way very just and pure notes. The stopping of the 



Fk, 128 —Comet k pibton 


aperture in the bell, takes away much of the brilliancy and sonorous- 
ness of the tones. The musical resoiuces of brass instruments have 
been increased by modifying in diffeient wajs the length of the tube, 



Fig 129 — Section with raised pistoiiii Fio 180 —Section with piatoiis luweiod 


or of the column of air put into vibration. Holes are pierced at 
convenient distances, furnished with keys, which open and close the 
metal sides of the instrument at will. The ophicleide is one of these, 

N 
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Ibe bass of all brass instruments, and all the family of instruments 
with keys, saxophones, so called after the maker who invented them, 
or at least improved the manufacture of them. Another modification 
is found in the trombone, a kind of sliding trumpet of ancient origin, 
formed of two parts encased one in the other, which the performer 
can draw out or in at will by a rectilinear movemeiit of the right 
hand. 

Lastly, a third method has been introduced in which the length 
of the column is varied by the introduction of pistons, as in tlie 
cornet d pistons, so well known in the present day in orchestras, and 
especially military orchestras. The pistons are nothing but portions 
of tubes, two or three in number, which are moved up and down in 
cylindrical parts communicating with the tube of the instrument. 
They are pierced laterally with aj)ertures which correspond to 
appendages intended to increase the length of the vibrating column 
According as the piston is lowered or raised, the apertures in question 
are placed in front of those of the appendages or in contact with the 
full portion ; the communication is open or closed, as shown in 
Figs. 129 and 130, which represent a section of the cylinders holding 
the pistons, and of the pistons themselves. The performer presses 
sometimes on one, sometimes two, and sometimes on the three pistons. 
Tlie appendages are themselves composed of movable pieces w'hicli 
can be lengthened or shortened to a certain degree. Lastly, the 
portion of the tube of the instruments on which the mouthpiece is 
fixed, can be more or less lengthened, according to the music to be 
played. In this way, the instruments can be tuned with all necessary 
exactness. 


§ IV.— lUOPIPKS. 

All the wind-instruments we have already mentioned, whether the 
mouth-pieces are flute-, reed-, or bell-shaped, receive the current of 
air or wind which puts the column of air in the tube into vibration 
from the mouth or lips of the perfbnner directly, 

^ Before studying the organ, in which instrument the current is 
produced mechanically by bellows, we ought to say a few words 
about another kind of instrument in which the air which catises the 
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reeds to vibrate is inclosed in a skin with which the mouthpieces of 
the pipes communicate. 

This is the bagpipe, which was known to the ancient Romans by 
the name of tibia utricularis ; it is now only met with in a few 
remote districts of the French provinces, and in Scotland. Tlie 
mechanism of the instrument will be easily understood from Fig. 131. 
A is the sheepskin used for the air-reservoir, which the musician fills 
by blowing into the wind-tube c ; a valve inside is opened downwards 
and allows the air to enter, but not to esca})e. B, E, f, are three 
pipes, similar to flutes, or rather hautboys, open outside and furnishe I 



Fiu IIU — Bugpii»t*8 Fiu \\Z — 


nt tlieir other extremity inside, with reeds, b and f are called the 
great and little bourdon ; they sound the octave to each other. The 
pipes E and F are pierced with holes which allow the notes inter- 
mediate between the fundamental notes and their harmonics to be 
obtained. When the musician has filled the bagpipes, which he holds 
between his side and left arm, he presses it with the elbow and thus 
forces the wind to escape by the reeds, which vibrate and cause the 
pipes to sound. By using the fingers the various notes may be 
brought out, and harmonies as well as melodies can be produced. It 
is possible to tune the pipes, as they are movable in their fittings, and 
can be lengthened or shortened to a certain extent. 

N 2 
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The musette (Fig. 132) is an improved bagpipe, with the pipes 
c, D, furnished with keys like the instruments we have already 
noticed; the flute, hautboy, &c, and the bourdon E is a cylinder 
containing a series of pipes to which reeds are adapted inside. Some 
of these pipes are curved doubly, which gives deeper notes as their 
length is thereby increased. Slides which project outside, are 
movable along the length of the bourdon, and enable a slit which 
corresponds to the aperture of each pipe to be more or less closed. 
Another essential difference between this instrument and the bagpipe 
lb, that the musician fills the instrument by the wind-tube b, not by 
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blowing with the mouth but by working a bellows (Fig 133) fixed to 
the opening of the wind-tube, and which the performer carries on his 
right hip. 

The musette was the lashion in the 17th century, as much 
at the court and in towns as in tlie country ; but, in spite of the 
originality and elegance of its form, and the profusion of ornaments 
with which it was decorated, it was already abandoned at the end of 
the reign of Louis the Fourteenth, by which time the taste for music 
was developed and improved. To day the musette is but a memory. 
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(ni AFTER V 

TIIK ORGAN 

S I.— HlRTOiaCAL OUTLlNE—PlPKS AND STOPS OF THE OkGAN. 

T he organ is tlie most po\^erful and complete, and tlie grandest of 
instruments. Its name indicates this (ppyayov, in (Ireek, means, 
the instrument, the instrument par excellenee) ; hut, in fact, it is rather 
a combination of wind-instruments than one particular instrument. 
By its variety of tone, its voicing, and its compass from the deepest 
bass to the treble, it forms, an orchestra in itself. The date of the 
invention of the organ is uncertain. Tradition carries it back to 
the eighth century, because it was in 757 that the first organ was 
introduced into the Christian Churches of the west. It is said, 
that this instrument was sent to Fepin tlie Little by the Creek 
Emperor Cpnstantine, surnamed Copronymiis, and it was placed 
in a chundi at Compiegm*. But long befiu'e this period the 
Romans used an organ known as the hydinulic organ, because the 
movement of the air in tlie jiijies was prodtieed by the jiressure pf 
water. It was only in tlie 5th century that bellows were substi- 
tuted for the piimitive method, and that pneumatic organs took 
the place of hydraulic organs in churches ; the damj), consequent 
on the use of water, rajudly changed and deteiioratod the pipes and 
mechanism. 

The organ is a wind instrument consisting of one or more series 
of pipes formed in wood or metal, either square, cylindrical, tri- 
angular or tapering, and with different-shaped apertures, and mouth- 
pieces which the wind from the liellows, hrought under control by 
means of finger-kej^s and the necessary mechanical appliances, puts 
into vibration either successively or .simultaneously. We will describe 
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brifefly, the various parts of the mechanism by which the organist 
obtains the musical effects peculiar to this wonderful instrument. 

The purely instrumental or musical part of the organ com- 
prehends an indefinite number of sonorous pipes which are grouped 
in series, according to their tones in the musical scale ; each series 
constitutes a stop or register, and the different pipes which compose a 
stop are, as we shall see, distinguished by the pitch of the notes given 
out by the lowest of each series according to their scale and length 
when the wind from the bellows causes them to speak. Every organ- 
stop, correctly speaking, is one of individual tone, and may resemble 
any one of the particular instruments desired to be introduced into 
the composition of the piece of music to be executed. Tlie organist 
can also use several stops at the same time by observing the laws 
of harmony, according either to his own inspirations or those of 
the composer whose work he is performing. 

We will mention some organ-stops as they were constructed at 
the end of the last century, pointing out that, besides their particular 
names, others are given to them based on the maximum length of 
the pipe commencing each series and producing the deepest note. 
This length was expressed in feet. They are as follows : — 

The double open diapason, of sixteen feet-tone, named in foreign 
organs montre, because its pipes were mounted or placed in the 
front of the organ case ; the hoiirdon, a wooden-stopped pipe of 
sixteen feet tone, ranging from two to three octavos ; the hojnharde 
or double reed, sixteen feet of zinc, tin or wood, is a reed-stop, the 
preceding stops having flute mouthpieces. 

The diapason, or foundation-stops of the organ are generally in 
metal of eight feet, and give the ground tone to the organ. 

The twelfth gives a fifth above the principal. 

The doublette or fifteenth is the octave above the principal 
(consequently two feet). 

The larigot an octave above the twelfth. 

Then come the stops, the cornet, furniture, trumpet, then the vox 
humana, cremona or clarionette, clarion and the voix celeste. 

These different stops are formed of pipes with various mouthpieces, 
as we have already stated, and of various lengths — these lengths being 
calculated according to the laws of vibration in open or closed pipes — 
and further the forms also vary. Wooden pipes are square or 
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three-sided, or formed like truncated pyramids with square bases; 
pipes of tin or an alloy formed partly of lead and tin are either 
cylindrical or conical terminating in a point, or formed like a cone 
widened out as a bell. Figure 118 shows the form of the bourdon of 
sixteen feet and that of the double open diapason of sixteen feet. In 




Fio 1254 — Oigan BtopH 

1 Pilnripal (4 feet)— 2 Splty tlote (8 and 4 feet) -3 Twelfth (9 feet)— 4 Cornet -6 Fluti (8 and 
4 feet) —6 Tmmpet (8 and 4 feet) - 7 humana (8 *‘eet) —8 Bombarde or double reed (1C anti 
8 fci t).— ft Mixture (4 ranks) 




Figure 134 may be seen the forms of the pipes of some of the stops 
just mentioned. There are open pipes, pipes quite closed, and lastly 
pipes with' a chimney, that is to say, partially closed. Stopped 
wooden pipes are tuned by means of a wooden stopper covered with 
leather which closes the aperture at top ; by raising or depressing this 
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more or less into the body of the pipe the length of the vibrating 
column is modified. Metal pipes were often tuned by using flexible 
metal plates soldered on each side of the mouth ; these movable 
jdates, called ears, could be pressed closer or pulled more open, and 
so flatten or raise the jntch of tJie pipe by influence on the freedom 
of the stream of air escaping at the mouth. 

TJie system of ears for tuning puiposes is now out of date. 
Lastly, the reed-pi])es are tuned by using the tuning*wire to press 
the metal tongue against the ai)erture, and thereby to extend or 
shorten its vibrating length. 

These stops as a rule extend to tlie same compass on the musical 
scale, or rather are comj) 08 ed of an equal number of pipes each pro- 
ducing one of the notes of the scale. For instance, beginning with 
the diapason which in modern organs embraces five octaves from cc 
to c in altissimo, — three high and two low ; the principal, twelfth, 
fifteenth, flute, clarion and voix celeste have the same compass. All 
the cornets, grand cornet, and echo-cornet in all modern examples, 
each have a compass of five octaves. The vox humana, cremona, 
trumpet and bourdon give five octa\cs; the large open diapason and 
sixteen foot boiu'don comprise live octaves. 

The stops we have just spoken of belong to the organs built to- 
wards the end of the last century. By adding to them five pedal 
stops, we have thirty different sto^is to a complete organ. The number 
has been increased since. The oigan at Haarlem, though now by no 
means approaching in size instruments of modern construction, is 
one of the most famous organs ; it has 60 stops and 4,088 pipes. 
Many organs of more modern construction number considerably 
more stops, sometimes reaching 100 in number. The organs at 
J..iverpool, Ulm, Saint Sulpice, Al})ert Hall, with other English 
instnunents exceed 100 stops. 
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§ II. — Mechanism of the Organ — Bellows, Resekvoies, and Wind- 
Chest — Sound-Board and Table — Claviers, Key-Movement, 
Draw-Stops, Pedals — Combination- Pedals, Couplers, Swell 
Box, &c. 

The instrumeutal or purely musical part of the organ being under- 
stood, it remains^!' us to point out the arrangement of the sonorous 
pipes ; how ajMfby what mechanism the j)erformer makes them speak, 
either smiressively or simultaneously, in order to bring out the 
melojisims and harmonic effects of the piece which he plays; and 
iiiMft ly Iiow he uses any jiarlicular stop. 

For more order and clearness, we will first describe the general 
construction and arrangeinent of an organ : — 

The pijies of the diffeient stops are arranged vertically in rows, 
side by side on rack-boards and inclosed with the necessary mechani- 
cal adjustments, in a wooden cose more or less ornamented and 
of different dimensions according to the size and number of the 
pipes and registers. 

Frequently when the organ is mounted on a screen or gallery the 
organ case is divided and has in front a small case called the chaii- or 
choir-organ, containing the registers mostly in use to accompany the 
voices. The great organ is at the back, tlie choir organ is in front, 
and between these two are situated the claviers or key-boards which 
place the instrument at the command of tlie oiganist. 

Wind is given to the pipes by bellows blown by men, or any other 
motive power, such as water or steam. The air, more or leLs com- 
pressed, passes from the bellows through various channels or wind- 
trunks into the reservoirs and wind-chests, and from these into the 
grooves, boards, and pipes by the action of the pallets. 

The wind-chest is a box, above which are arranged tlie pipes of the 
different stops. By pulling out the several draw-handles, placed 
conveniently for the hand of the organist, called stops or registers, the 
wind communicating with the pipes of the stop required is obtained, 
and on the performer pressing down the notes of the claviers, a 
mechanical movement, called the key-movement, acted upon by the 
pressure of the Keys, opens the valves arranged undf'rneath the 
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aperture of the pipes, which then give out the notes corresponding 
to the notes of the keys of the claviers so depressed. 

In order to ensure steadiness of wind an'd speech in the pipes it 
is necessary, in organs of any pretensions, to divide the wind-chest, 
separating the wind of the lower or bass and tenor notes which 
demand a large supply, from the treble notes, which being of much 
smaller scale require much less wind. Each section of the wind- 
cliest is supplied by its own wind-reservoir, and consequently an 
even and smooth tone is preserved throughout the entire register. 
Unsteadiness of wind is one of the nmst serious defects in an organ, 
the clearness of the articulation of the pipes being thereby destroyed. 



I jet us now notice each of the parts of the organ that we have 
just mentioned, in order that the reader may be able to form a clear 
idea of the working of the various mechanical details of this grand 
niusical apparatus, justly termed the “ king of instruments.’' 

ABC (Fig. 135) is the sound-board. Several series of sonorous 
pipes, are vertically arranged above the sound-board in 

parallel rows, each of which forms a stop, such as tt. The lower 
end of each pipe, termed the “foot,” is planted on the sound- 
board. The wind is brought from the bellows by a wind-trunk 
to the interior of a sort of box or chest abd, placed towards 
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the front and underneath the sound-board ; this is called a wind- 
chest We must now show how the wind con pass through this 
into the pipes above the sound-board. The upper board, besides 
being pierced with holes to receive the pipes, has also a series of 
grooves, each of which extends to the pipes of one key. These are 
separated from each other by parallel bars, called sound-board bars. 
Through these grooves holes are pierced vertically underneath the 
pipes of the stop. Lastly, a movable wooden slide, also pierced 
with holes, is made to pass through each groove ; this is the stop or 

register, Now, when the stop is open — that is to 

say, when the organist has drawn out the handle which corresponds 
to the stop he wishes to speak, all the holes of the stop are oppo- 
site to those of the table and the grooves which answer to the stop. 
The wind can then reach the aperture of each pipe. In this case it 
would cause all the pipes of the same stop to speak at the same 
time, if a special arrangement did not close the passage of the wind 
in all the pipes which did not precisely correspond to the note or 
notes which the performer pressed down. “ To prevent this, the wind- 
entmnces are first of all closed beneath by movable pieces of wood, 
8, (Fig. 136) which are kept close by the spring r, which, however, 
are so adjusted that any one or more of them can be drawn open at 
pleasure, by means of the 'pull-down’ wire and lever action rf, in 
connection with key-board and wind admitted into the corresponding 

groove These pieces of wood are called sound-board pallets ; 

and from them the openings which they cover are named pallet- 
holes."^ 

The clavier of the organ is similar to that of the piano, with this 
difference, that the organ, according to size, possesses from one to 
four claviers. By pressing down a key with the finger, the organist 
puts into motion, with the assistance of a very simple mechanism 
called the key movement, the rods d, which open the valves, and 
thus bring the wind into the grooves of the wind-chest. Besides 
the keys worked by the hands of the performer, there are pedal 
claviers which correspond to particular stops, and which are put into 
motion by the feet. The pedals are exclusively for the bass. 

In conclusion, let us imagine the organist seated in front of the 
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claviers. The bellows are in action, and consequently the wind is in 
the wind-trunk at the proj e ’ pressure. 

The organist begins by di awing out the stops he wishes to use on 
tlie several key-boards. These stops move a series of levers, which 
open the corresponding registers or stops. 

That done, the pipe does not yet speak, although the wind-chests 
of the sound- boards are filled with wind leady to do the work 
wherever wanted. As soon as the organist places his finger on one 
of the notes of one of the claviers, immediately a valve (s) inside the 
wind-chest (ab) of a sound-board is opened, tlie w’ind jienetrates into 
tlie coiTesponding groove, and thence into the pipes with the stojis 
pulled out. The same thing liappens if with his foot he presses 
(low'll one or other of the pedals. From this moment the oig.iii is at 





fu. 136 -TiaiH\(ibul HKtioii of till Miiitid bonrrl Wind (best and \ah«i 


work, and melodies as well as their harmonious accompaniments aie 
produced at the will of the performer. 

We have given the description of the organ and its mechanism as 
it was built at the end of the last century from D’Alembert and 
Diderot’s great Encyclopcedia, where it is described at great length. 
The reason of this is that many organs still existing are made after 
this model. But during the last centui*}’' organ-builders have arrived 
at great perfection in detail corresponciing to the progi’ess of indus- 
tiy and art during this period. The mechanism of this wonderful 
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instrument has hecome more exact and sure, and it increased in 
compass, power, and sonorousness. We can judge of this from 
some details relative to some newly-constructed organa. 

• In Fiance the most remarkable are undoubtedly the organs of 
Saint Denis and those of Notre Dame, and Saint Sulidce in Paris. 
A French maker, whose name is generally associated with these 
magnificent instruments, is M. Cavaille-ColP In England, the most 
remarkable instruments are those of St. (ieorge’s Hall, Liverpool, 
by Willis, and the great organ, Primrose Hill, I-ondon, by Brycesoii 
llrotheis. 

A word now on the bellows. AVe read the following in the 
official report on the inauguration of the great organ at Notre 
Dame : — 

“ The wind arrangement is composed of a large alimentary 
bellows, with double reservoir. This, with four paii*s of pumjis, 
can supply about 400 litres of air ]ier second, and with the bellows 
at high pressure, having two pairs of jnimps, will furnish 200 
litres of air per second. Besides the four large regulator reser- 
voirs placed in proximity with the wind-trunks which tliey feed, 
there are also in the interior of the oigan two large regulator mser- 
voirs at high pressure, four other regulator reservoirs lor the echo, the 
large ch(»ir, and the trebles of the choir, clavier, and full organ ; a 
great number of aii -receivers placed in different paits of the organ, 
and fitted with springs to avoid every kind of alteration in the pres- 
sure of the wind.’^ 

The utility of these Aarious reservoiis, which do not contain less 
than 25,000 Hires of compressed air, vdll be understood if w^e think 
that each pipe uses more tlian a eentiiUre of air per second, whilst the 
laige thirty-two feet pipes each absorb 70 litres during the same 
time. 

We have stated the simple mechanism which connects the move- 
ment of the keys of the clavier with the valves corresponding to a 
certain series of pipes. The fatigue due to resistance felt by the 
organist lias been greatly alleviated by Barker’s invenlioii of the 

^ The following may be named as the principal makers who have contributed to 
the improvement of the organ. In France, Mensro. ("'availl^-Coll and Barker (an 
Englishman); in Germany, Messrs. Schultz, Topfer, Walker, and the Abb4 Vogler ; 
and in England, Messi’s. Bishop, Hill, Gray, Willis, and Br^TCson Brothers. 
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pneumatic action. This mechanism consists in the use of a puff- 
valve interposed between the key of the clavier and the valve before 
mentioned. This puff-valve is put into communication with the 
bellows by a wind-trunk, and a special valve, on which the key acts, 
fills itself, and exercises a sufficient power to overcome the resistance 
of the valve placed in the wind-chest, so that the force of the 
organist’s finger no longer exerts itself on the valve with a wide 
surface, but on the small alimentary valve of the puff valve. 

This principle is also applied to the working of the registers and 
the couplers, in order further to reduce the mechanical work of the 
performer. 
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The number and variety of the stops have been aho considerably 
increased in organs recently constructed. 

The organ of Notre Dame posse-sses five manual claviers and one 
pedal clavier. The pedal clavier generally extends fiom c to F, 
and contains thirty notes ; and in modern organs each of the manual 
claviers extends from c to c, five octaves, and possesses sixty-one 
notes. 

Plate IX. represents the great organ, erected in a private music 
room at Primrose Hill, with its magnificent 32-feet speaking front, 
built by Bryceson Brothers ; and as this instrument is one of the 
most modern and complete in its details and mechanism, a short 
description is appended. 



PLATE IX.~THE GREAT ORGAN. PBIHR08E UILL. LONDON. 
CoQftraotod by Bryceson Brothera 
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tubes” and insulated metallic conductors (sixty-one in number), 
which convey the electric current to the several pallets of the wind- 
chest. The great organ at Primrose Hill, London, therefore, affords 
the most perfect example of the “ composite ” organ, partly mechanical 
and partly electrical. Without the important aid of electricity, it 
would not be possible to place mechanically an echo organ so 
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distant from the key-board The large thirty-two-feet pedal pipes 
and the thirty-two-feet bombard are severally supplied with wind by 
independent pneumatic exhaust pallets, insuring promptness and 
fulness of speech. 

Ib this organ, which may be taken as the example of modern 
mechanical appliances, the French system nf ventils has been aban- 
doned as being unsuitable to the exigencies of the performer upon an 
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instrument of such gigantic proportions, and the ventil system of 
bringing on or shutting off an entire family or group of registeis has 
given place to thn vacuum pneumatic composition pedals acted upon 
by the feet, which arrange the tone colour ” of the foundation and 
mutation stops and accessory finger key-buttons by which the 
performer is enabled to see his registers and comprehend his combi- 
nations, a most important matter when it is remembered that, in 
instruments of the first magnitude, the attention of the performer 
is more or less absorbed between the difficulties attendant upon 
mechanical changes and the musical rendering of the piece. 

We may conclude our description of wind instruments with a short 
reference to the cylinder organ known under the popular name of 
the Barbary organ (it should be Baibari organ, and not Bavbary. 
Barbari is really the name of the maker in Modena who invented 
this automatic instrument). By turning a handle, a cylinder, furnished 
with “ pins ” of various lengths, is rotated, which causes the keys of a 
clavier to move. Corresponding to those keys is a mechanism which 
sets a series of stops in action, the pipes of which put into vibration 
by the air of a bellows, speak, and can thus reproduce a piece of 
music. 

Besides the small barrel-organs we see carried about the streets, 
others of much greater dimensions have been made. Fig. 138 repre- 
sents one of these. They are doubtless of no great value with regard 
to perfect tone, and the music they play is not always very agree- 
able to the ear of dilettanti, but they serve to popularize in country 
and town the most beautiful airs, overtures, marches from operas, 
and symphonies. On this account they certainly deserve to be 
mentioned. 
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BOOK III. 

APPLICATIONS OF THE PHENOMENA AND THE 
LAWS OF LIGHT. 

CHAPTER 1. 

MIRRORS AND REFLECTING INSTRUMENTS 

§ I. — Mirrors of Polished Metal — Silvered Mirrors — RFuFLEOTORs 

T he use of mirrors is very ancient. Without going back to the 
time of Moses, and the book of Exodus which refers to the 
mirrors of the women who stood at the door of the tabernacle, metal 
mirrors were in use among the ancient Egyptians (Fig. 139). In 
Greece and Rome, people decorated the walls of their rooms with 
polished and reflecting plates of steel, silver, gold, and obsidian ; 
it appears too, if one may judge by diflerent passages in Pliny and 
Aristotle, that glass mirrors lined with a sheet of polished metal 
were not unknown. 

But it was not until the fifteenth century that we find silvered 
plates of glass substituted for polished metal. In the present day we 
know how universally they are used either for the toilet or for 
interior or exterior ornamentation. Although glass mirrors are in- 
conveniently breakable, they are still greatly superior to metal ones, 
as they do not get dim, whilst the former rapidly oxidize and tarnish 
and thus require careful keeping in order. 

In the present day, manufacturers of looking-glasses can produce 
them of enormous size and with such delicacy of polish that it equals 
the beauty of the transparent substance itself. The whiter and more 
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colourless this substance is, the more perfect is the mirror, because 
then the luminous rays which have to travel twice through it to 
return to the eye after being reflected by the polished surface of the 
quicksilver, are unchanged in tint and only very slightly weakened by 
this double transmission. 

One word now’ on the reflecting surface of silvered mirrors — this 
surface, which is not of glass, but a thin sheet of tin amalgam 
(that is, a mixture of tin and mercury), is placed at the back of the 
glass in the following manner. On a very smooth stone table, sur- 
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rounded by a gutter, tlie slieet of tin is spread out, and is then 
covered with merc-ury. The glass, well cleaned, is then passed over 
the stratum of mercury in such a manner as to* clear off the surplus 
liquid metal; then with the help of weights the adhesion of the 
glass to the amalgam is effected. The process of coating with 
mercury is injurious to the health of the workpeople, and silvering 
has been tried, which is produced by pouring on the surface of the 
glass a composition of nitrate of silver, ammonia and tartaric acid. 
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Silver, as well as tin, lias a considerable rcHecting power, but the tint 
of the image is slightly yellowish. 

In Belgium and many otlier northern eounlries, mirrors liaving a 
movable joint are placed outside the window^s of houses and arrang(‘d 
in such a way as to enable what is jiassing outside to be seen in the 
interior of the room. Tliese mirrors are also used by shoi)keepers 
to watch their goods, and are known by th(‘ name of “spies” 
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T^argo silvered or metal mirrors are also used to reflect light from 
the sky to the interior of a room, which would otlierw’ise be dark. 
These reflectors are frequently employed in dark and narrow streets 
in London and other large towns. 

Before describing the scientific instruments based on the pheno- 
menon of reflection from the surface of plane miiTors, w^e may 
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mention on easy and interesting application of the laws of reflection. 
Its object is to measure the height of objects such as trees, houses, 
edifices, etc. A small plane mirror (Fig. 143) is placed on the ground 
in a horizontal position between the eye and the object to be measured. 
Then, on drawing further away in the direction of the line which 
connects the base of the object and the mirror, the image A' of the 
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summit A is seen. It is easy to understand that at this moment the 
ratio of the height of the eye above the plane h to the height of the 
top A of the tree is exactly that of the horizontal distance hO to the 
horizontal distance of the foot of the tree at O. An easy calculation 
then gives the required height. 

In the Forces of Nature we have described various ingenious appli- 
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catious, amusing or useful, of reflection by plane mirrors combined 
with each other in different ways this class includes the magic 
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telesoope and mirrors, the polemoscope and kaleidoscope , for thesa 
applications, therefore, v^e must refer the reader to that woik 
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§ II. — The Sextant. 


The instrument we are about to describe was formerly called an 
octant or reflecting quadrant. It is used by sailors to take the 
heights of stars or the angular distances of the moon from the stars — 
called lunar distances.” 

The invention is due to Hadley (1731); but several scientific men 
including Newton, Hooke, Thomas Godfrey of riiiladelphia, and 
Harris, had thought of a similar instrument, 
It based on the same juinciple. Hadley was the 
first vlio made it, and who proved its great 
practical utility. 

The sextant is an application of a very 
simple geometrical princijde, which is itself an 
immediate consequence of the laws of reflection, 
ll is as follows : — 

When a ray of light, befoie it reaches the 
I * (‘\(*, has undergone two successive reflections 

oil tv o plane mirrors, the angle of deviation of 
, I tills ray is exactly double the angle of the two 
mirrors. 



A 
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Suppose SI (Fig. 144) a ray coming from a 
light source, a star for instance ; it falls at I 
on the mirror M, is reflected towards Y and falls 


on the second mirror N ; there it is reflected a 
second time, takes a new diiection I'O and reaches the eye. The angle 
SOr fonned liy the incidental ray and the second reflected ray is 
double the anglq a fonned by the two mirrors.^ 

The following is a description of the sextant as it is now made. 

It is composed of a circular sector, with agiaduated arc measuring 
about CO® (hence its name sextant ; formeily an arc of only 45®, or 
the eighth of the circumference, was used and the instrument was 


• The deiiioiihtratjon of this proposition is very simple : the angle at 0 is equal 
to the (liflerence of the angles SIT and H'O, that is to say to 2(90°— t)— 2(90 — i') 
ma 2(t — i). On the other baud, th^ angle a is equal to the difference of the angles 
Il'B and I'lA, that is ■* t' — i. The angle of the two mirrors is therefore half the 
angle of deviation. 
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therefore called octant) : the one represented in figure 145 consists of 
85®. At the centre of the sector is fixed an arm furnished with a 
movable index and a vernier V, which enables the fractions of a 
degree on the arc to be read : / is a small njicroscope used for this 
purpose. A silvered mirror M is fixed normally at the centre of the 
sector and in the line of the zero of the movable index. It is 
movable with this index. A second mirror m' is fixed on one of the 
sides of the sector so that when the two minors are exactly parallel 
the reading vernier is at the zero of tlic giaduation : this second 
niin’or is only silvered on its lo^Ncr half. 



14) Tin* H(Nt till 


Looking through a tclesc(»pe L fixed on the opposite radius of the 
sector to that on which the fixed mirror is placed, a point situated in 
the direction LS , can l)e seen directly as halt the mirror M , is trans- 
jiarent, and by reflection, another luminous point reflected doubly 
from I on the first mirror, and T on the second, can be seen when a 
perfect coincidence of these two images lias been brought about. It is 
clear that the angle formed by the rays Sf, S'l', is double the angle 
of the two mirrors for the reason already stated Xow% the angle of the 
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two mirrors is that between the movable index and the zero of the 
sextant 

The way in which this instrument is used will be now easily under- 
stood 

The observer takes it by the handle with the left hand ; then, putting 
the eye to the eye-piece of the telescope, he sights one of the objects, a 
star for instance, through the unsilvered portion of the small mirror. 
He then moves the sextant until the other star is in the plane of the 
sector ; afterwards turning the index and the large mirror, he brings 
the image of the second star, after two successive reflections, into 
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with that of the first, in the centre of the field of the 

telescope. 

When the angular distance from a star to the moon has to be 
measured, the star is sighted directly and the image of the edge of 
the luminous disc is brought in contact with the image of the star. 
If the angular distance between the sun and the moon has to be deter- 
mined, the image of the sun is brought in contact with the lunar 
image; but in this case coloured glasses are placed before the large 
mirror to reduce the intensity of the sun’s rays. 
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If the distance of a star above the horizon, called its altitude, 
is to be measured, the sextant is held vertically, so that the star is 
in its plane, and the horizon formed by the surface of the sea is 
sighted directly with the telescope. If this horizon is undefined, an 
artificial one is used, eitlier a mercury hath, or a polished glass 
lendered horizontal by three levelling screws and a level. 


§ III,—Goniometei{s. 

It is known that in nature tliere exists a gi’eat number of bodies 
which have a definite geometrical form, most often marked hy jdane 
and polished sides or faces grouped in various ways. Sucli are crystals. 
JJineralogists who find crystals ready formed in the rocks, and chemists 
who obtain them by various metliods, l)oth take equal care to define 
their shapes and to mark with precision the angles of each of their faces. 
They accomplish this by the help of instruments called goniometers 
(from ywvia, angle and f^erpop, measure), which are also based on the 
piinciples of reflection. Very often, indeed, the faces of the crystals 
are so far reflecting that each of them may be considered and 
employed as a plane mirror. 

Eeflection goniometei*s are of various forms. We will confine 
ourselves to the description of the two most used, Wollaston’s 
and llabinet’s goniometers. 

Wollaston’s goniometer is composed of the two following parts : — 

1. D is a vertical disk divided into degrees on its edge and movable 
on a horizontal axis, which may be turned by means of a milled head, 
G. A vernier V fixed to the support of the instrument serves to 
indicate the angle througli which the liml) has lieen turned. 

2. The axis of the limb is hollow ; a rod passes through it, which 
by using another milled head. A, can be rotated independently of the 
graduated circle. This rod suppoits a jointed arm and this again has a 
metal plate, capable of turning in different directions by means of a 
handle and joints. The crystal is placed on this plate and its angle 
measured, as follows. 

Choice is made of two lioriaontal parallel sights, for instance, the 
edge of a roof of a house and a bar of a ground floor window ; or 
again, an upper sight is secured by the top of an open window, the dark 

p 
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line of which stands out against the sky, and for the lower one the edge 
of a table or of a sheet of paper placed on it. 

That done, the goniometer is placed in such a position that the 
limb is exactly vertical (a level and feet with screws enable this 
result to be obtained), and at the same time in a direction perpeii^ 
dicular to the siglits chosen. Afterwards the ciystal is fixed on the 
plate of the instrument by means of wax ; and it is necessary to 
place it in such a way that the edge of the angle to be measured be 
itself perpendicular to tlie limb or parallel to the axis of rotation. 



Flo 147 Wollaston’s reflection goniometei 


To secure this, images of the two sights obtained by reflection on 
both faces are used, images which, for each of the faces, ought to be 
parallel between themselves. 

When these preliminary arrangements are once taken, the zero of 
the limb is pieced in coincidence with the zero of the vernier. Then 
turning the crystal by means of the milled head A, the image of the 
upper sight as seen in the first face is brought into coincidence with 
the lower sight, seen directly. Then the limb is turned, and con- 
sequently the crystal, until the same coincidence is obtained, this time 
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by the second face of the crystal. This latter has then taken the two 
positions indicated by the figure, and each face has turned through the 
angle a (Fig. 148). 

The reading of the angle of rotation of the limb gives in degrees 
and fractions of degrees, not the angle /3 of the crystal itself, but its 
geometrical supplement, a, fr(»in which tlie 
first is deduced by a simple calculation. 

Babinet’s goniometer consists of a hori- 
zontal graduated limb, carrying a collimatoi 
alwajs fixed on a ladius of the circle. This is 
a telescopehaving in the focus of its eye-piece 
two crossed threads. A second movable tele- 
scope with an index and vernier turns round 

1 la 148 — Geometin pi lunpk of 

the centre, or may be fixed in any position by iotator> augie 

means of a clamping screw Lastly, a plat- 
form placed at the centie of the circle, is made to turn on a vei- 
tical axis, and is fuinished with an index and vernier winch serve to 
measure the angle of rotation. On this platform the crystal is placed, 
taking care to have the edge of the angle to be ineasuied veitical. 

Let us now see how the angle is measured. 

Fust, the movable telescope is 
fixed in a iiosition which makes a 
certain angle with that of the col- 
limator ; the zero of the index ver- 
nier IS brought opposite the zero of 
the graduated arc, and the stand on 
^hich the crystal rests is turned 
until the micrometer- thread in the 
e} e-piece is made to coincide with 
the image of the micrometer- wiie of 
the collimator seen by reflection by 
one of the faces of the crystal. * 

Now, the cr\stdl is again turned, , 

but this time by the aid of the arm 

attached to the platform, until the same coincidence takes place by a 
reflection from another suiface. 

The angle of rotation measured by the movable arm is that of 
the normals to the reflecting surfaces, so that by calculating tlie 

r 2 
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supplement of this angle we have that of the two faces of the 
crystal. 

Fig. 149 shows one of Babinet’s goniometers mounted on a 
tripod stand, but smaller ones are made which may be held in the 
hand. The same instruments maybe used in oi)tical researches when 
prisms are employed, the angles of which reipiire to be known with 
accumcy. 


§ IV.— The Heliostat and Sidekostat. 

In many optical experiments, it is necessary to project, in a constant 
direction for some time a beam of solar liglit, which, without certain 
j)recautions, the diurnal motion of the sun would render impossible. 
If the beam is first received on a plane mirror, whence it is again sent 
back, by reflection, towards the point or towards the object to be 
lighted up, the inclination of the minor must constantly change 
in order to give a constant direction to the reflected beam. 

This is accomplished by means of an arrangement which was 
described when speaking of the solar microscoi)e {Forces of Nature). 
This consists of a mirror capable of turning at will round two axes, 
one horizontal the other vertical if the reflected beam itself takes a 
liorizontal direction. But the assistance of the observer is always 
necessary to regulate the orientation of the min’or in a proper 
direction. 

Heliostats are instfumeiits intended to give this assistance ; the 
mirror which forms the reflecting portion is put into continuous 
motion by clockwork, and a suitable mechanism keejis it at such Jn 
inclination that the solar rays, reflected on its surface, tcdvc a constant 
direction, in spite of the diurnal movement of that body. 

There are heliostats of various kinds dating from the time of 
s’Gravesande, but we will mention those only named from their 
inventors, Silberniann and Foucault. But in the first place, we will 
point out the principles common to all, without which neither 
their armngements nor the working of their mechanism can be well 
understood. 

The line PP' (Fig. 150) representing the axis of the earth — the in- 
variable line around which the diurnal movement of the stars and sun 
'-es place, the circle S will bo the apparent path traversed by this 
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latter body in a day, the angle SOr being tlie polar distance of the 
sun at the time under consideration. At A, is an equatorial dial on 
■which the shadow of the style AO marks the hour every instant of 
the day. The line SOB then indicates tlie path followed by a solar 
beam, and if we imagine that the line OB turns round the point 
O constantly following the e.vtremity B of the ray AB, it will be 
the path of the incident light during tlie whole day. 

Sui)pose lilt the direction in which the S(dar rays are required to 
be constantly reflected, the bi-sectrix NN' of the angle SOR will be 
nomial to the ])oint of iiuddence, this determines the }»ositi(m the 



Fit*. 150 — Geometiu' priuciple ol the vaiious byutoinH ot liehuHtatH. 


mirror mm ought to occupy at the supposed moment, in order that tlie 
reflection be made in the desired direction. 

The wliolo (Question is, then, to keep the mirror in a position rela- 
tively always the same with respect to the constant direction of the 
reflected ray and to the variable direction of the incident ray. This 
may be accomplislied in many ways. 

1st. Underneath the erpiatorial dial is placed a clock, which moves 
a needle All and causes it to descrilie an entire circle in twenty-four 
hours. This needle is then always jdaced in the direction which 
would be exactly occupied by the shadow of the style. At its 
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extremity a rod BO is fixed to which an inclination is given with 
regard to the dial, equal to the declination of the sun for the day of 
observation This is the first condition which all the various 
systems of heliostats have to fulfil 

2nd. The rod OB carries the mirror, and it is connected with an 
articulated parallelogram, Oabc, the diagonal of which, Ob, coincides 





I lo -J T Silbonnann ■ behostat 


w ith the bi-sectrix of the angle SOE, that is to say with the normal 
to the point of incidence, the fixed side Oa, of the parallelogram 
follow iiig the direction OR given to the reflected beam. Such is the 
anai^ment of the helioslat devised by J T Silbermann, and which 
is shown in Figure 151 

3rd Suppose now, OC, a rod of constant length, taking any position 
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round the point 0, or that wished to be given to the reflected ray. 
This rod is hollow and carries a folk to which is fixed the mirror, 
mm', which can also turn round OE and EC. Another rod CD, 
arranged in the plane of the mirror, is joined to a ring at D, at tlie 
extremity of a rod OD equal to OC. A ray S'C, which falls on 
the mirror parallel to SO will be reflected in the direction CR. This 
IS the arrangement of Gambey’s heliostat. 

4th The mirror is supported at C by an upright, on which it can 
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be moved in every direction. It is regulated by another rod CB, 
normal to its surface, and connected at B to a ring fixed on OB at a 
distance OB = OC, In its plane a third rod CD has a slot, in which 
the prolongation OD of OB can slide. The two triangles, OCD and 
OBC, are always isosceles, so that the normal to the mirror CB is 
parallel with ON, the bisectrix of the angle of the incident and 
reflected rays. This is the principle of Foucault’s heliostat. 
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These principles explained, it is easy to understand the mechanism 
of the three systems of heliostats — those of Gambey, Silbermanii, 
and Foucault’s. The last two are represented in Figures 151 
and 152. 


§ V.— The SiDEiiosTAT. 

A serious inconvenience in instruments used in observatories 
for researches in physical astronomy is, that the observer must 
move with the eye-])iece of the telescope according to the part of 
the heavens he wishes to study, and to the motion of diurnal 
rotation which displaces it. He is therefore subjected to very 
inconvenient, annoying, and fatiguing positions, wliich are detri-* 
mental to the study of tlie phenomenon observed. When observa- 
tions have to be made with the transit telescope or theodolite a 
rectangular prism may be used, at the back surface of whicli the 
luminous rays undergo total reflection, and send the images in a con- 
stant direction. The instrument to which this modification is applied 
is called a hrohen telescope. But this is a solution which is not appli- 
cable to equatorials, where the axis is moved uniforndy with the axis 
of tlie earth, and follows tlie star observed, as the diurnal movement 
causes it to change its place. To remedy this, and to avoid the 
inconveniences referred to, L^on Foucault constructed the instru- 
ment which has received the name of Siderostat, the idea of which 
was first thrown out by Hooke. This is nothing more than a tele- 
scope, with its optical axis invariably fixed in a horizontal position, 
into which the image of the portion of the heavens to be observed is 
reflected by a mirror moved by clockwoik, exactly regulated to the 
diurnal motion. A large part of the heavens can thus, at the wdll 
of tlie observer, pass before the telescope, which remains immovable ; 
and the observer, without any discomfort, keeps his eye to the eye- 
piece of the instrument. The siderostat is, then, to begin with, really 
a kind of heliostat, in whicli the direction of the reflected my remains 
constant and horizontal. 

Fig. 153 shows its arningement very clearly. The mirror turns 
on a horizontal axis, and is kept in position by two vertical supports 
moving at will on a system of rollers round a vertical axis. With it 
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is connected a rod normal to its surface, which slides in a ring hxed 
to a fork, the axis of which bisects the direction of tlie incident and 
reflected rays of the heavenly body observed. This fork is at its otlier 
end connected with an axis which is parallel to tlie axis of the 
earth, and wliich is made to rotate with a movement uniform with 
that of the earth itself. 

A graduated circle determines the direction of the axis of the 
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folk, SO that the angle which it makes with the axis of the earth varies 
according to the polar distance of the star. The liour angle of this 
latter being given the moment when the observer wishes to begin, the 
instrument is moved in such a manner that the rays of tlie star lie in 
the plane which passes through the star and the axis of the telescope, in 
which they are retained during the time of observation by the clock- 
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work movement. One of the great difficulties in the manufactui*e of 
siderostats is the plane miri-or, as its surface must be brought to the 
greatest possible geometrical perfection. This is the essential difference 
between a heliostat and a siderostat. In the heliosfat, the principle 
is to obtain a constant direction for the reflected rays ; as it is light 
which is studied, not the luminous source itself, therefore it matters 
little if this is represented exactly or not. The siderostat, on the 
contrary, must give an exact image of the heavenly bodies. This 
difficult problem of the realization of an optical plane was solved 
by JAon Foucault by the use of a method which this ingenious 
physicist, whose early death is greatly deplored, imparted to one 
of his friend*^, M. Ad. Martin. 

M. Wolf has summed up the advantages of the new instninient as 
follows — unfortunately, at the time we write, it has not been tested 
by any observations of sufficiently long standing : — ‘‘ There is not an 
observer w^ho has not had to contend with the difficulties presented 
by the adaptation to an equatorial of a large spectroscope, photo- 
graphic camera, projection apparatus, or iihotometric apparatus. All 
these difficulties disa}q)ear by the use of a siderostat. laboratory 
instruments, wdiatever their weight, size, and form, are placed in the 
focus of the telescope as before the mirror of the camera obscura, 
and the astronomer studies the light of all the stars under the same 
conditions as the physicist has studied the light of the sun. By 
this means experiments, which up to the present time have been 
almost impracticable, may now be easily made ; particularly those 
which require perfect stolidity of the instrument for measurement, 
such as the determination of the exact position of the lines of the 
spectrum, and the displacement of those lines, photometric measure- 
ments, &c. 

“ The mirror of the siderostat, tried with the excellent telescope 
made by Cauchy, of sixteen centimetres aperture, whi^h belongs to 
the Paris observatory, with a magnifying power of from 100 to 300 
times, does not produce any distortion of the rays proceeding from 
the star at an angle of more than 45®.*' 

The loss of light occasioned by the reflection is slight. According 
to Foucault's experiments, it does not exceed in polished silver 
mirrors of the incident light. Besides, the polish lasts a very long 
time, and, as the re-silvering is easy, the mirror can be renewed as soon 
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as the surface changes through any cause.^ Let us hope that this new 
instrument, in the hands of skilful observers, will justify the expecta- 
tions raised by the discoveries and astronomical researches which it 
renders possible. 

* The siderostat waa miide by M. Eichens, under the superintendence of MM 
Wolf and A. Martin. 
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CHAPTER II. 

LIGHTHOUSES. 

§ I— Marine Signals— The First OATorTiiic or Reflecting 

Lighthouses. 

L ighthouses were not unknown to the ancients ; for example, 
the beacon lighted on a high tower in front of the port of 
Alexandria, and which it appears still existed in the twelfth century. 
The island on wdiich this tower was built gave its name to the 
building, which has passed on to all the lights on the coasts for the 
protection of shii)ping. Lighthouses were still very few in the 
middle ages, but increased in numbers in proportion as navigation 
extended itself, and in the present day, they light up with their 
various fires, all the coasts frecpiented by shipping of all nations. 

It is only since the last century that people have endeavoured to 
profit l)y the laws of the reflection and I’efraction of light, to increase 
the power of the lights in lighthouses, and therefore the distance 
at which they can be seen. In former times they were but simple 
fires lighted on the top of a tower, and exposed to every change of 
weather. Gradually, lamps protected by panes of glass were sub- 
stituted, then came the idea to send the light to a distance, by using 
reflectors of polished metal. In this way, reflecting or catoptric light- 
houses were established. At first they were not a great success ; the 
lamps were defective, and the reflectors being of a spherical form, 
only received a small fraction of the rays of light, or did not project 
them in the required direction. “In 1782, this kind of light was 
established at Cordouan ; but, although no fewer than twenty-four 
lamps, each possessing a reflcctor/were used, it shed such a feeble 
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light, that seafarers instantly asked them to return to tlie prmiitive 
method of the middle ages.” (Zi^hthouses, by Loon Ileuiml.) 

Teul6re, an engineer of the last century, substituted mirrors of 
parabolic form in place of splierical ones. The light from a lamp 
placed at the focus of the luiiTor of this kind, is sent out in a cylin- 
drical beam, the intensity of which does not, therefore, diminish with 
distance. The only lessening of light is produced by the absorption 
by the atmosphere or fogs. For the ordinary lamps, the same inventor 
also substituted lamps with the 
double curient of air invented by 
Argand; Inter on, Carcel’s lamps 
in which the oil is brought to the 
burner in a continuous manner by 
clockwork, again increase*! the light 
and steadiness of the burners 
'J’eul^re was the first to make 
his mirrors revolve round a lamp, 
the burner remaining in the axis 
of rotation, so that the light was 
successively projected to cveiy part 
of the horizon, and then eclipsed. 

He is also the inventor of the re- 
volving light. A lighthouse of 
this kind was erected at Dieppe 
by Dorda, in 1784, and another in 
the tower of Cordouan, six years 
later, hi 1790. 

The catoptric apparatus is gene- 
rally composed of groups of parabolic mirror.s, each having a lamp at 
its focus. The whole is moved by clockw'ork. One is represented in 
Fi<'ure 154. It comprises three systems of reflectors, themselves 
grouped in three, so that a complete rotation gives to each part of 
the horizon three illuminations and three eclipses. By varying the 
velocity of the movement, eclipses may be obtained more or less 
rapidly, and thus the lighthouses established on different parts of 
the coast, may be distinguished from each other. 

The range of the parabolic minors is considerable. Experiments 
due tf> Biot and Arago prove that a mirror O"*' 81 apertme gives a 
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light visible through a gla^s, at a diataace of forty leagues. Never- 
theless, the loss of light owing to the reflection or absorption of the 
rays at the surface of the metal is at least half the incident rays. 
Moreover, the polished surface of the mirrors is rapidly deteriorated 
by the action of the saline vapours contained in the air in close 
proximity to the sea. These inconveniences have caused the catoptric 
lighthouses to be abandoned, at any rate in first-class lighthouses, 
in France they are only used for lighting narrow channels, or in 
addition to a light in a certain direction where the range of the latter 
is insufficient. 

But this abandonment was only possible after the iiiventiuii of the 
lenticular apparatus, where refraction is totally or partially substi- 
tuted for reflection, for the projection of tlie light ; these are called 
dioptric lighthouses. This invention is due to the illustrious Fresnel, 
and only dates from the year 1822. 


§ II. — Refeacting or DioPfRic Lighthouses. — Fresnel’s Lenses. 

We have already seen, in speaking of burning glasses, that 
Biiffon thought of constructing lenses formed of concentric portions 
of lenses of large aperture, thus lessening the thickness of the glass, 
and consequently the quantity of the heat-rays absorbed in their passage 
through the refracting medium. These echelon lenses have, however, 
not been made on a large scale on account of the difficulties in the 
melting, cutting and polishing of large masses of glass. 

Fresnel who was associated with Arago in the commission nomi- 
nated in 1819 for the improvement of lighthouses, had the same idea 
as Buffon, but he greatly improved upon it, and rendered it practicable. 
In the first place, he made pos.sible and practicable the construction 
of echelon lenses of large aperture, by forming them of several pieces 
which can be worked separately, and by subsequently joining all the 
parts of the lens with a cement of isinglass which causes them to 
adhere firmly by their edges. In the second place, he profited by 
this mode of manufacture to improve the form of the refracting 
surfaces to a degree of which BuflFon never dreamt. After saying that 
if our great naturalist had never made an echelon lens of three feet in 
diameter it was because the idea never struck him of employing seveial 
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pieces, Fresnel adds : — “ He had not paid attention moreover 
apparently to the great advantage presented hy the separate working 
of the surface of each ling which almost entirely corrects spherical 
aberration, when the rings aie sufficiently multiplied, by deter- 
mining by calculation the centie and radius of curvature of 
each of the generating arcs. For, after having first conceived the 
lens determined by a spherical suiface, he supposes it to be cut 
down in echelons, but in such a manner that the new portions of the 



Ele\ atioii rittu 

I lu 155 —Fresnel s first Ituticular appamtus in elevation and plan 


Spherical surfaces are concentric with the fiist, which is not the true 
way to correct the spheiical aberration. Calculation teaches that the 
generating arcs of the rings not only ought nut to have the same 
centre, but again that these different centres are not situated in the 
axis of the lens, and that they get more distant from it as the arcs to 
which they belong aie themselves moie distant fiom the centre of the 
lens; in such a manner that these arcs by ie\olving luund the axis, 
do not produce portions of concentric ‘spheiical <^urfaces, but to 
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surfaces called annular by geometers.” Fresnel was anticipated 
however in these impiovements by Condorcet^ in 1788, who not only 
proposed to build the lens in separate pieces but to vary the curva- 
tures of the different rings in order to correct the spherical aberration. 
13ut Condorcet proposed his lens for burning purposes only, while 
Fresnel was the first who applied the Buffon-Condorcet lens to 
lighthouse illumination. To utilize in the most complete way 
possible the rays of light emerging from the lamp placed at the 
common focus of the set of lenses which compose a dioptric appa- 
ratus, Fresnel had the idea of securing the upper rays which would 
have been lost by tmpezoidal lenses arranged all round the lamp with 
such an inclination that the rays were reflected horizontally in the 



Fill 156 — Patli of m>8 in Frosnerfl oatadioptiic 
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Fi(, 157 —Total roHoftlon In the piisnib m 
catadioptiic llghthutiseH 


direction rr, by mirrors MM above them. Tbo light Jl from the 
vertical lenses was thus greatly added to. i’ig. lo5 presents the plan 
and section of a lenticular revolving apparatus such as Fresnel iirst 
{ilauned. But Fresnel did not stop with the improvement of the re- 
volving apparatus. His design for fixed lights consisted of a cylindric 
retracting hoop of glass completely surrounding the lamp, being the 
solid which is generated by the revolution of a vertical section of his 
annular lens round a vertical axis. By this instrument the light is 
parallelized in the vertical plane only, so as to show a fixed light 

‘ Histoire de I’Acad^mie Bojale des Sciences, illoge de Buffon, Paris, 1791. 
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of equal power all round the horizon, while in order to intercept the 
light above and below the refractor he had a series of zones of 
silvered mirrors, suitably inclined so as to reflect horizontally; cr 
again by a series of prisms in which the luiiiiiious rays undergo 
total reflection. Figs. 150 and 157 illustrate tlie ])ath of these rays 
in each arrangement. 

So that reflection and refraction are eciually employed in these 
methods, which for this reason are named catadioptric liglit-houses. 



1">S — Fixra of fill 
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Fresnel did not stop at these capital in oditi cations ; lie improved 
the lamps, and with the assistance of Arago, introduced the 
system of multiple burners invented by liUinford and success- 
fully combined Careers system, giving to the light the greatest 
possible intensity and regularity, valuable (pialities in this kind of 
application. 

A word now on the means used to vary the lights and to afford 
mariners the advantage of recognizing the coasts wherever they 
may be. 


g 
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Light-houses are divided into lights of the first, second, and third 
order, according to the intensity and the range of their light In 
light-houses of the first order the lamps have four concentric wicks, 
three in those ot the second, and two in the third. The brilliancy 
varies in the ratio of the numbers 4, 2, and 1, and equals twenty, 
ten, and five Caiccl lamps 



Fh. isy —Lentil ulor np] uiatuti and lamp of a first class revolving light 


So much as to the intensity. Secondly, they vary in their 
colour. Thirdly, the lights are distinguished by being either fixed or 
revolving. In the latter a variation is introduced by the length of 
the intervals which separate the flashes. Thus we have fixed lights 
produced by a lenticular apparatus of cylindrical form; then 
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revolving lights^ white, red, or green combined diversely with differ- 
ent duration of flash. In the latter the lenticular apparatus is formed 
Iby an octagonal drum composed generally of eight simple Echelon 
lenses. The greater or less rapid motion of the system gives place to a 



Vio. IUO.~Se..tic,n of the liKhtliouBO at C«m1ou«ii lighthouHe^a?‘Nl w Caledonia 

succession of appearances — ** flashes ” — and disappearances of different 
durations. The colour of the lights is varied by using coloured glasses 
placed in front of the lenses. Fig. 159 gives an idea how the 
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macliinery is arranged in the lantern which surmounts the tower, 
and also of the several architectural arrangements of the build- 
ing itself. The lighthouse at Cordouan has quite a monumental 
aspect, being entirely constructed of stone. That of New Caledonia, 
quite recently erected, is on the contrary of sheet-iron and cast-iron. 
It was made in Paris, then taken to tlie place of its destination, 
where it has been for eight years. 

In 1849, Mr. Thomas Stevenson, of Edinburgh, suggested what he 
lias termed the holophotal arrangement, which is applicable alike to 
the catoptric and dioptric systems of lightliouse apparatus. In order 
to save the light which escapes uselessly past the lips of the para- 
bolic reflector, the following combination shown in Fig. 1G2 is resorted 
to : (t is the paraboloid (in this case truncated at its parameter), L is a 


a 



a 

I It. 1()*2 '-IIti1o}ih<»to1 nil 


lens whicli, at its focal distance lor parallel rays, subtends tlie same 
angle from the flame as the outer lips of the paraboloid, so that each 
ray passing outwards is thus in^rcepted and parallelized either by 
the lens or the paraboloid. The'^other half of the rays passing lack- 
wards, falls upon the hemispherical mirror h h (which takes the place 
of the apex of the paraboloid) and these rays are reflected back again 
by its action through the flame so as after again diverging, to be 
parallelized hy the ageiljiy of the lens and paraboloid in front. The 
flame is therefore at once in the centre of the spherical mirror, and 
in the common focus of tlie lens and paraboloid. 

The above arrangement, though theoretically perfect, is objection- 
able, on account of the great loss of light which always takes place 
by absorption wherever metallic reflection is employed. In order to 
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eliminate metallic leflection fioiii the system, the dioptric-holophote 
shown in Fig 103 is employed, in which total reflection takes the 
place of metillic l is Fiesnels aniiukir lens, j?;? are totally leflect- 
ing prisms, similar m section to those invented by Fiesnel foi fived 
lights, but which aie generiiled by levoliition of those sections round 
a hoiizontal instead of a veitical a\is, and have therefoie the property 
of paiallelizing the lays fiom the flame in every plane, instead of in 
the veitical plane only, as in FiesneFs lived lights These prisms in 




1 T( 104 Section of dioj ti ic Bjiliti u al ju isni 

connection with the central lens lender parallel om-half of the 
rays The lays passing backwaids fall upon the juisnis of double 
agency a h, and instead of passing thiougb them, as in all other light- 
house prisms, they are after two total leflcctions sent back thiough 
the flame, as shown in Fig 164, in which the dotted line lepiesents 
the path of the rays and subjected to the parallelizing agency of the 
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other optical agents in front No light therefore reaches the eye of 
an observer placed behind the apparatus, though between him and the 
flame the screen is of transparent glass. These prisms of double 
agency have lately been improved by Mr. J. T. Chance. 

In lights of the first order where there is but one great central 
burner, as in Fresnel’s revolving light, Fig. 156, the light passing 

above the lens instead of being intei’cepted 
as in his arrangement by the double agency 
of inclined lenses and mirrors, is at once 
parallelized by the single agency of the 
holophotal prisms as shown in Fig. 165. 
The application of total reflection to re- 
volving apparatus was first employed at 
the Horsburgh lighthouse in 1850. 

In particulai cases, depending upon tlie 
])liy5ical peculiarities of the locality, such 
as narrow seas and sounds, the whole light 
must be spread horizontally with strict 
equality over some one given arc, or in a 
light of unequal range, where it must be 
seen at different distances in different 
azimuths, the light must be allocated to each of such aics in 
the compound ratio of the number ot degrees and the distance from 



Fiu -'btevensoub iiNtjJvjii, 
light 



which the light i-equiies to he seen. Fig. 166 is a chart show- 
ing Isle Oronsay in the Sound of Skye, on the west coast of Scot- 
land, which was one of the three of those azimuthal-condensing 
lights which were first lighted in 1857. Fig. 167, represents a plan 
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of this appaiatus in which 193“ of spare light on tlie landward side 
is allocated by the lens b and prisms a, and the lens c and prisms h, 
so ns to strengthen the light passing down the Sound from the front 



nKAce-'" 
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apparatus over the au* a and up the Sound over the aic By 
apparatus of a similar hind the whole light hoiu the flame has been 
condensed into an aic of 4.1^ at the 
lights of the Tay, and of 30° at Cape 
Maria Van Diemen, in New Zealand 
Another lighthouse optical agent 
which was introduced in Scotland in 
1869 at Lochindall Lighthouse, is 
that shown in section in Fig. 108, 
where it will be noticed that the 
principle of single-acting prisms has 
been extended to embrace very laige 
angles behind the flame These prisms f> m lb8 l.ieiib at the LoLhindall LightliouHt 
were first proposed by Mr. Stevenson 

and Mr. A. Brebner, and independently liy Professor Swan of St. 
Andrews. 

The only other lighthouse arrangement which it seems necessary 
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to mention, is that of tlie appaient light, which was introduced at 
Stornoway Ihny, hy Mr Stevenson in 1852, as shown in Fig. 169, and 
wliere, instead r)f erecting an expensive lighthouse on a sunk rock at 
sea, a simple peich or beacon was erected, having a lantern on the top 
containing diverging prisms. A beam of parallel rays thrown from 
a holophote placed on the shore at the same level as the lantern on 
the perch, is made after lalling on the prisms at the perch to diverge 
over the recjuired angle of visibility, and in this way the mariner is 



lu'» — 

led to believe that tlicre is an actual lamp on the beacon, whereas 
HI reality it proceeds irom a light on the shore about G 50 feet 
distant 

During the last few years a fresh innovation has been introduced 
into light-houses. This is the use of the electric light substituted for 
that of an ordinary lamp, and consequently there is increase of 
intensity and range. But the dioptric apparatus remaining the same 
we need not enlarge on this system here as we shall return to it in 
the book devoKnl to the a])plications of electricity. 
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ClIArTEH III. 

THE Ml(M?OS(WE. 

The microscope is an instrument intended to aid ili(‘ &iL>]ii by more or 
less magnifying snudi ol)jeets. This is accomplislied by so utilizing 
the princijdes of oj)iics that the objects are as well seen as if it were 
possible to observe them very imicli iu‘arer the eye than at the 
distance of distinct vision. 

There are two kinds of inicr(»scopes : the magnifying glass, oi simple 
microscope, and the compound one. 

It is veiy probable, it not absolutely proved, that the ancients un- 
derstood the magnifyiiii^ ]) 0 \v er of glasses of a spherical form. A passage 
from one of the comedies of Aiistophanes proves that the Athenians 
understood the way to liglit a fire 1)} using a piece of glass which con- 
centrated the sun’s ra}/s. The cylinders and stones, so finely engraved, 
which are left to us by tin* Assyrians and Eomans, could not have 
been worki'd without the assistance of magnifying glasses. Whether 
these instruments consisted of ])ieces of glass cut or melted in the 
form of lenses, or simply hollow glass balls filled with water, is 
uncertain; but the latUu* sui»position is rendered probable by the 
following passage from Sem^ea : “ All objects seen through water,” 
he says, ‘‘ appear larger. Faint and indistinct charactcis, read through 
a glass ball filled with water, are larger and clearer to the eye.” Ilut 
if the ancients weie aware of the optical power of spheres of water, 
or glass, or even of glass lenses, it does not seem that they possessed 
any precise method of using or of making them. They have left no 
observation in natural history which would confiim the scientific use 
of the magnifying glass in ancient times. 
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§ I— The Magnifying Glass, ok Simple Mioboscope. 

A simple convergent, piano- or bi-convex lens, mounted in a form 
■which varies according to its use, is a microscope reduced to the 
greatest simplicity. This is usually called a magnifying glass or 
simple microscope. 

Fig. 170 represents the path of the luminous rays in the magni- 
fying gfass. The object AB is placed at a point nearer the lens than the 
principal focus. The eye, placed at the converging point F, receives 
these rays as though tliey were sent from the points A'B', that is to 
say, a direct virtual magnified image of the object. 



Fiu 170 —Path of tlio luniinoua la} s iu tlie small microacnpes. 


In order that this image be sharp, it is necessary that the distance 
A'F be equal to that of distinct vision, from which it follows that 
the object must be placed at a fixed point, found by calculation or 
more easily by actual trial. Very near the principal focus F, and the 
greater the curvature of the lens, that is, the shorter its focus is, the 
nearer to this point the object must be. If the object is placed fur- 
ther from the lens, it soon reaches the principal focus /, and the image 
diminishes in size. If, on the other hand, the object is brought nearer 
to the magnifying glass, the size of the image increases, but it becomes 
ill-defined. 

Magnifying power of (he Ims . — In optical instruments the magni- 
fying power in the case of distinct vision is nothing more than the 
ratio between the apparent diameter of .the object, and the apparent 
diameter of the image. By this is understood the value of the angles 
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under which the eye sees either one or the other supposed to be 
placed at the distance of distinct vision 

Tn the cetse of the magnifying glass, as the distance from the eye 
to the lens may be neglected, the magnification is equal to the ratio of 
the angles A'OB' and a06, or sensibly to that of the dimensions A'lV, 
AB, which again is equal to the ratio of the distances OC' and OC 
The distance OC' being that of distinct vision, the magnification 
only depended, as we see, on the distance OC between the object and 
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1 2 M atchmakei g and engra^ erg magnifying glagg —3, 4 5 Aohromatic magnifying glasges 6 
SUiihone lena— 7 Magnify lug glags ^ith cvltndru^il Rurfaeo — 8 Krewaterg {oi Cotldingtoii «) 
- n ana IS Othci torma —11, 12, 14, and 15 Naturalist a pocket nmgnifjing glasses, uith one, two, 


or three lenses of dillerent ]iowerB 


tlie lens, that is from the principal focal distance which differs only 
slightly from it. 

Therefore, the sharper the curves of the magnifying glass, and the 
longer the distinct vision of the observer, the more considerable will 
be the magnifying power. 

The mounted magnifying glass, shown in section and perspective 
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in Fig. 171, 1, 2, is that most used by watchmakers and engraversi 
It is held in the hand or even by the eye, where the ^observer retains 
it by an effort of the muscles of the eyebrows apd the cheek ;* in this 
way the hands remain free; but it is best to adapt it to a support o? 
upright stand (Figs 172 and 17»i). • : 

The magnifying power of these lenses rarely exceeds five tunes ; 
they possess, moreover, a serious defect : that is, the spherical aberra- 
tion is very gieat. The proof of this is easy. If you look at an 
object of a certain size uitli one of these lenses, it will be seen that 
the image is only sharp in the centre : at the edge it is deformed and 



t 



Tio 172 —Support foi lens 



Fi(, 17 } — Anotlier kmd of stand 


ill-defined. Moreover, it is coloured, which shows another defect — 
that simple lenses lack achromatism. But they have an advantage 
which partly compensates for these inconveniences : that of a laige 
field ; the great focal distance leaves space for the movement of the 
hands and the objects Jbelow the lens, and work may be carried on 
without inconvenience. 

Spherical aberration is diminished by applying a diaphragm or 
opaque annular plate to the edges of the lens; this stops the rays 
from this part of the lens, but the field is thereby diminished. 

The xnagnifying glasses represented at Fig. 171, IJ, 12, 14, and 
16, are used by naturalists. The ilome mounting encloses two or three 
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different magnifying glasses ; these instruments are then called double 
and triple lenses. 

To destroy spherical aberration and achromatism at the same time 
the magnifying glass must be built either of two plano-convex lenses, 
their convexities facings each other, or of two perfectly achiomatic 
lenses, each formed of two glasses properly chosen, the curves being 
so calculated as to entirely destroy the spherical aberration. 

Wollaston's periscopic magnifying glass and Brewsters or Cod- 
dington's lens are on the same principle, that is, the diaphragm is 
placed in the interior ; the glass is a cylindrical sector cut out of a 
sphere. The middle of the cylinder is gi-ooved, so as to form a 
diaphragm ; a magnifying power of 30 times may be obtained with 
this lens. 

The Stanhope lens is also formed of a glass cylinder, but the cur- 
vature of the two surfaces is not tlie same. By placing small trans- 
parent objects which are to be examined, such as pollen grains, the 
scales of butterflies’ wings, etc., on the flat surface, and by turning 
the lens up to the light, bright images are obtained, sometimes mag- 
nified 40 times. 


§ 11. — The Simple Micuusc’Ope — Wollaston’s Douhlii; 

The simple microscope (invented by Cuff, and called ali^o Uas- 
pail’s microscope) is a magnifying glass mounted on a brass stand 
furnished with a stage, on which the object to be examined is placed 
Below the stage a plan^, or concave mirror, is arranged to throw the 
light on the object to be examined, liy a rack and pinion motion, 
either the magnifying glass or the stage can be raised or lowered in 
order to bring the object to a focus — that is to say, to place it in the 
most favourable position for the production of a clear image, a piaeitton 
which varies with individuals and the magnifying powers made use 
of. The stage is constructed with an opening, which allows the light 
sent by the mirror to pass, and the object is placed on a glass plate 
above the opening. 

Fig. 174 represents a more complicated simple microscope. There 
ate two magnifying glasses, which may be inclined, so that all 
sides of the object may be examined. 
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Instead of a single lens, such a microscope is often fitted with 
a magnifying glass formed of two lenses, separated by a diaphragm, in 
order to destroy the sphencal aberration and to secure achromatism. 



Fic* 175 — Simple initro8cox>e with doublet —Wollaston s doublet, improved by Chevalier 


The compound microscope fulfils this object : it possesses magni- 
fying glasses with convex lenses of different powers and fields, which 
may be used at pleasure. 
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The ordinary lens and the simple microscope have done great 
service to the sciences. The latter is 
especially used for the preparation and 
dissection of objects principally in 
vegetable anatomy, for histologists pre- 
fer the compound microscope for the 
dissection of animal tissues. In this 
case the magnifying ])ower rarely ex- 
ceeds 60 times, because, ^vith iiioie 
powerful magnifications, the focus of 
the lens is so short that there is no 
room for manipulation. For simple 
observations doublets may bo used, 
which magnify 500 times; but, in no -compound nuoro-cop, 

this instance, the focus of the magnifying-glass is not the half of a 
millimetre from the olyoct. 



§ Iir. — T he Compound Microscope 

In the compound microscope there are two systems of lenses ; the 
one called the eye- piece, because it is placed nearest to the eye ; the 
other, the object-glass, because it is turned towards the object which 
is to be magnified. In the most simple and rudimentary instru- 
ments the object-glass is a bi-convex lens, wdiich furnishes an 
already magnified but reversed image of the object. It is this image 
which is examined by the eye-piece, which therefore acts as a 
magnifying-glass ; with this exception, that the magnifying-glass 
magnifies the image and no longer the object. 

Fig. 177 shows the path of the luminous rays in such a compound 
mieroscope. O' is the eye-piece, and O the object-glass, in front of 
which is seen the little object ha. The object-glass produces an 
enlarged image at the focus of the eye-piece. This image, w'hich 
in turn serves as an object to the eye-piece, is reversed, and, as 
the eye-piece only magnifies it without correcting it, the eye sees 
the object reversed, as if it w^ere at AB — that is, at the distance of 
distinct vision. 

Such is the optical apparatus of the compound microscope, 
reduced to the most simple statement, for the sake of making the 
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general construction easily understood. For high magnifying powers 
■ such an instrument would be altogether worthless for want of good 
definition. It is possible, on this system, as in the case of the simple 
lens, to partially correct the errors either of the object-glass or of 
the eye-piece with regard to spherical and chromatic aberration, 
but far more complex arrangements are necessary to obtain first-rate 
results with high powers. 

The first fault is corrected by limiting the extent of the real imago 

by means of a diaphragm placed at the 

■ focus of the eye-piece— that is, at ah. 

But as this also limits the field of the 
microscope, an eye-piece of large dia- 
meter is used, having in consequence 
a more extended field. To the same 
end an eye-piece is used with a system 
of two plano-convex lenses, one called 
the field lens and the other the eye lens, 
the convexity of which is away from the 
eye. This is Campanfs eye-piece, Fig. 
178, in which the chromatic aberration 
is somewhat diminished. SI is a lumi- 
nous ray proceeding from the object ; 
fill being refracted, it is divided into 
coloured rays, the red following the 
direction IE, and the violet IV, so that 
the eye would see tlie edge of tlie 


Fio 177 ' Path of the liimiijoua ra>H in 
the ('uuijfouiid itiK ruacojK'. 


object coloured if the second eye-piece 
did not make the coloured more 


parallel at B', where the eye is placed to make the observations. 

Achromatism is also obtained by making the object-glass of two 
lenses, one of flint and the other of crown glass^ the latter bi- convex, 
and the former divergent (Fig. 179), the curves being so regulated 
that the greater dispersive power of the flint glass to a great extent 
counteracts the less dispersive power of the crown glass, but only 
partially counteracts the magnifying power. 

The best modem object-glasses are, however, far more complex. 
Until quite recently they were constructed of three sets of lenses, 
each an approximately achromatic combination of a plano-concave of 
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flint and a double-convex crown glaes ; but with the very highest 
powers vaiious combinations of lenses of those two kinds of glass 
aie now used, some to magnify and others to correct the en'ors, that. 


i: 

\ 

!. 


Fia 176.— Cttuiitani’s achrcuiiatic eye-piet'e. 

after jiassing through the compound eye-piece, the image may be 
approximately free from chromatic and spherical aberration. The 
accuracy of workmanship necessary to accomplish this is so great, 
that satisfrtctoiy results can only be obtained by repeated trials, and 
by what may often be called accidental good fortune. 

The magnifying powder given by the compound microscope is a 
combination of the magnifying j>ower of the object-glass multiplied 
by that of the eye-piece. Let us supjiose tlie real image furnished by 
the first system magnified twenty times ; if the eye- piece magnified it 
again five times, it is evident that the total magnification will be 
100 times. 

In this it must be well undemtood that we refer only to linear 
dimensions or to diameteiu Superficial magnification is evidently 
equal to the square of this. Thus if your object has been magnified 
50, 100, or 600 diameters, the surface of the object has been magnified 
2500, 10,000, 250,000 times, but no practical microscopist tliinks of 
expressing his results in any other terms than linear magnifying powder. 

According to M. Arthur Chevallier, compound micro- 
scopes are now^ constructed with optical systems, divided 
into nine series according to the magnitude, from number 
1, which gives a power from 25 to 50 diameters, to number 
9, which magnifies from 600 to 1,300 times. With this last 
magnification, the surfaces are multiplied by the enormous 
number, 1 ,690,000. It is, therefore, possible to examine por- 
tions of matter of the size of the thousandth part of a millimetre. 

But it must not bo forgotten that the art of using a microscope 

K 
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is only acquired after long practice, and very much depends on 
using suitable illumination. The eye must be educated to use 
jtihe highest p'owers; and students who wish to possess the skill of 
their masters will do well to begin their observations by the 
gradual use of low powers. We will also remark that, as the 
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greater tii6 magnifying power, the more the light which illumin- 
ktes~®e ofcjecf and' renders it visible iS divided and diffused, the 
more necessary it is to have a brilliant light. As a rule no higher 
power should be used than is necessary to see any particular 
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1R8 — Nachet's inclined niioroht ope 


Fia 184 -Ainicl’g horizontal mioioaoope 


though the object may look larger, no more detail will be seen 

I! 2 
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We will now examine some of the arrangements adopted by 
makers of compound microscopes. 

As in the simple microscope, we have to deal with it as three 
principal parts ; the optical apparatus, which contains the eye-piece 
and object-glass, inclosed in a tube ; the stage, which is of 
various forms, but generally made of a plate piemed with one 



Fio. 185 — Microiicoite with three tubes for simultaneous observers. 


or more circular openings, on which the glass which carries 
the object is placed; lastly, the mirror, which reflects the light 
on the object. If the object is not transparent, it is lighted from 
above by means of a lens arranged laterally, and moving in different 
directions. 

Sometimes the optical tube is vertical (Fig. 181), which of course 
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has the merit of simplicity, but this is the very worst position for 
tlie optical performance of the human eye. Sometimes it is capable 
of being inclined obliquely at various angles (Figs. 180 and 188) ; 
which is by far the best plan if the workmanship be good ; some- 
times, indeed, as in Aniici's microscope (Fig. 184), it is bent at 



Fia. 186 — ArrntiK* iii Wmliiuii k lnn<»< nlni unoios«MpH. 


right-angles; the horizontal part incloses the eye-pieces, and the 
vertical part the object-glass ; at the bend a mirror, inclined at 45°, 
or a prism, reflects the luminous rays coming from the object-glass, 
and sends them horizontally into the eye-piece. 

Microscopes are also constructed with three bodies, which enables 
simultaneous observations to be made by three different persons. 
These instruments are valuable in the study of micrography. 
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To obtain images in relief, which cannot take place when observed 
with one eye only, binocular microscopes are now constructed. In 
N’achet’s arrangement (Fig. 187), the image formed by the object- 
glass is divided into two portions, which are reflected to oi)posite 
sides, and again reflected up two parallel tubes, placed at the width 
of the eyes, each having an eye-piece. In the form introduced by Mr. 
Weiiham (Fig. 186) the image is divided into two parts by a prism, 
which by a double reflection bends one at an angle and throws it up one 
tube whilst the other part passes direct up the other tube Another 
system, introduced by Mr Stephenson, has the advantage of giving 

far better results with high magni- 
^ fying pow'ers The necessity ol 

IS mk this arrangement will be understood 

Vm when we study stereoscopic vision 

Lastly, special microscopes are 
\M made (Fig 182) in which the ey^^- 

piece tube is inclined, and terminates 
under the stage A prism sends the 
luminous rays in the direction oi 
the eye by total reflection. These 
instruments are made for chemists 
to examine objects through the glass 
bottom of a small vessel containing 

■ Within the last dozen years 

spectrum analysis has been applied 
to microscopical research by Mr. 
^ K * , ^ ^ Sorby, to study accurately the exact 

nature of the light transmitted by, 
or reflected from, minute coloured objects. This is usually accorn- 
pbshed by means of a special eye-piece, containing a slit and 
compound direct-vision jirisms, and an arrangement so that the 
spectrum of another object on a side stage may be compared with 
that of a smaller object magnified by the object-glass. By another 
plan the spectrum apparatus is placed under a special object-glass of 
long focus, so that it can be used with a binocular microscope and 
the spectrum seen with both eyes. 

We shall terminate this description of microscopes by mentioning 
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an instrument employed to throw magnified images on a screen 
at a distance, in order to render them visible to a largo number 
of spectators at the same time. This is the solar microscope, 
described in the Form of Nature, and which is thus called because 
the light with which the object is illuminated is the light from the 
sun’s rays. When the sun does not shine it would be necessary 
to relinquish this powerful means of demonstration in laboratories 
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Fuj. 188.— Photo olectrir microscope 

if we did not possess a source of neaily as bright a light as tlie sun. 
We refer to the electric light. Therefore, we have the photo-electric 
microscope, represented in Fig. 188. 

There is an important application in microscopy, which must not 
be passed over in silence. This is the photography of the objects 
thus observed in all their exact and curious details, by which means 
permanent and exact records may be secured. 



248 THE APPLICATIONS OF PHYSICAL FORCES, [book hi. 


To give an idea of the immense services rendered to science by 
the microscope, to initiate the reader, who has not this valuable 
instrument at his disposal, into the wonders of the world of the 
infinitely small, we reproduce in coloured Plates some specimens of 
objects seen with the microscope, taken from the three great branches 
of natural bodies — animal, vegetable, or mineral. We are indebted 
for these beautiful plates to the kindness of M. Georges Pouchet, 
sub-director of tlie Histological Laboratory, directed by M. Robin, 
and to the skill of an able draughtsman, M. Deyrolle. 
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CHAPTER IV. 

THE TELESCOPE. 

The microscope enables us to penetrate inU^ the mysteries of the 
infinitely small ; it places tlie most minute objects within mnge of 
human sight, and exhibits in a distinct manner the thousand details 
with wliich the unaided eye is powerless to deal. 

That w'hich the microscope does for objects within our reach, but 
too small to be visible, the telescoi)e realises witli a similar powe.r for 
objects which are rendered indistinct by distance, whatever their real 
dimensions may be. It fathoms the depths of .space, and presents to 
the view, stars, the existence of which, witliout its help, would 
scai'cely ever have been guessed ; while with regard to those which 
can be seen with the naked eye, it reveals to science the details of 
their structure, and thus multiplies for our curiosity the objects 
which nature offers to observation, and by the aid of which liuman 
intelligence interprets her laws. 

The word teleseo])e is taken from the (Jreek, as in the case 
of the microscope; both have a common root, uKOTrio} {mtped)^ I 
look, piKpo^ (viicros), small, and riJXe {tile), afar. Etymology 
therefore aj)plies the word telescope to all instruments which magnify 
objects and bring them nearer to the eye. Thus we have refracting 
telescopes, that is, instruments fonned of certain combinations of 
glasses or lenses ; and reflecting telescopes, that is, instruments with 
a mirror or reflector. 


§ I.— Refracung Telescopes. 

With regard to the date at which telescopes were invented, and 
the name of the inventor of this wonderful instrument for celestial 
and terrestrial investigation, there is some uncertainty, as in the case 
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of many other scientific discoveries ; only, in this case, we may be 
certain that the idea of combining lenses to form a telescope does 
not belong to ancient times, or even to the middle ages. The first 
mention of it is towards the end of the sixteenth century, when 
Porta found that by combining two lenses, the one concave and the 
otlier convex, near, as well as distant objects could be magnified 
and rendered distinct.’* But it was a Middelburg optician, Jean Lip- 
pershey, who was the first to realise this combination, and cimstructed 
the first telescopic lens (160G). Jacques- Adrien Metius in 1608 and 
Galileo in 1609 appear to have solved independently Porta’s optical 
j)robleni ; but it must l>e said that the great physicist and astronomer 
of Florence liad lieard of IJppershey’s disc(>very without having had 
any exact account of the instrument itself. 

Now, how did the Dutch o])tician discover this ? On this point 
nothing is positively known, as is j)roved by the fact that there are 
two versions — two different legends on the subject. According to 
Arago these are as follows : — 

Hieronymus Sirturus relates that a stranger, either man or demon, 
presented himself at Lippershey’s and ordered several convex and 
concave lenses. On the day agreed ujwm he called to fetch them, and 
chose two, one concave and the other convex. After having looked 
through them and by degrees separated one from the other without 
saying whether he did this in order to test the work of the artist or for 
any other reason, he settled his account, and disappeared. Lippershey 
forthwith set about imitating what he had seen, noticed the magnifi- 
cation induced by the combination of the two lenses, fixed the two 
glasses at the extremities of a tube, and hastened to offer the new 
instrument to I^rince Moritz of Nassau. 

According to the other version, Lippershey’s children playing in 
their father’s shop, bethought themselves to look through two lenses, 
one convex, the other concave ; these two glasses being placed at a 
proper distance, showed the weather-cock on the Middelburg steeple 
magnified and brought nearer. The surprise of the children having 
awakened Lippershey’s attention, he, to make the experiment more 
conveniently, at first attached the glasses to a plank ; afterwards he 
fixed them to the extremities of two tubes which slid one into tlie 
otlier. From this moment the refracting telescope was discovered.' 

^ Arago, Afftronomu Fopnlaire. 
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A refracting telescope, or, as it is termed shortly, a refractor, like 
a compound microscope, is composed of two essential parts — two 
systems of lenses. The owe nearer the object is called for this reason 
the objective or object-glass : this is generally a biconvex lens with a 
long focus, which produces a real and inverted image of the object. 
The eye is applied to the other system of lenses called the eye-piece : 
this is a simple or compound magnifying-glass, by which the image, 
which is in a certain measure magnified, is examined. 

Tn the first telescopes the eye-piece was a biconcave lens, as we 
have already seen ; the inverted image formed by the object-glass is 
corrected in this system, as will be seen by tlu^path of the luminous ^ 
rays represented in Fig. 189. The object-glass O gives at its focus, 
which for very distant objects is the principal focus of the lens, a 



Fi(» IbO —Path of lumiuouH rays iii Oalilt'o’a teloscope 


real image ha of the object observed. This image is inverted, wliich 
may be proved by letting it fall on a screen. The bi-concave O' being 
placed between the image and the object-glass causes the luminous 
rays to diverge and thus prevents the formation of the real image. 
To the eye, into which these rays penetrate after leaving the eye- 
piece, they appear to come from the points A' and B' situated on their 
optic axes at their points of convergence. This gives a virtual erect 
image A'B', which is well defined if the lenses are arranged so that 
this image is formed at the distance of distinct vision. There is an 
essential difference between the magnifying power of refracting or 
dioptric telescopes and that of microscopes. In these latter instru- 
ments the magnified image is laiger than the object itself, that is 
to say, the angle subtended by the image is greater than the angle 
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subtended by the object^ the image and the object both being at the 
same distance from the eye. In refractors, on the contrary, and this 
applies to all kinds of telescopes, the image is always of smaller 
dimensions than the object itself ; but it is larger than the image 
furnished by the naked eye, and this constitutes the magnifying power 
of refractors. 

The eye-piece is movable in the tube which holds the object-glass ; 
a milled head, which works with rack and pinion, enables the distances 
between the glasses to be adjusted. In this way an image of perfect 
sharpness is obtained. This is called focussing. Short-sighted 
, people shorten the tube and long-sighted lengthen it in order to see 
distinctly. 

The magnifying power in all telescopes depends upon the ratio 
of the focal length of the object-glass to that of the eye-piece. 

The telescope we have just described, with two lenses, has received 
the name of Galileo’s telescope, it shows objects erect at the same time 
that it brings them nearer and magnifies them. 

CJalileo’s first telescope only magnified from four to seven times 
in diameter; the most powerful that was made and used by the 
illustrious astronomer magnified thirty-two times. That enabled him 
to make a number of discoveries which then were justly considered 
wonderful ; the mountains in the Moon, the spots and rotation of the 
Sun, Jupiter’s satellites and the phases of Venus, the breaking up of 
the great nebulosity called the Milky Way into stars, &c. His 
NuiUiiis Si(fe)ru.\ which he publisljed to inform the scientific world 
of his results and researches, scarcely sufficed to record these dis- 
coveries, W’hich soon formed a branch of astronomical study unknown 
to the ancients. 

In the present day, Galileo’s arrangement is no longer used for 
astronomical instruments, its magnifying power is too feeble ; but it 
is employed as a terrestrial glass, and especially for the examination 
of near objects ; it is nothing anore than the Opera-Glass, a very con- 
venient instrument, becaaise, with equal magnifying jaower, it is of 
much shorter length than refractors with convea^ing eye-pieces. The 
field is small, and as the rays diverge on leaving the eye-piece, it as 
necessary to place the eye veiy near the latter so as not to lessen the 
field still more. 

It is now time to say a word on the improvement made in the 
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construction of optical instruments by an English optician, of French 
origin, named Dollond.^ We refer to the achromatism of tlie lenses, 
of which we have spoken when describing the microscope. 

When a ray of white light is refracted by a lens, the coloured 
rays of which it is composed not having the same degree of refran- 
gibility are dispersed, and give to the images formed fringes of 
prismatic colours, which constitute a serious defect in tlie production 
of sharp and true definitioa This dispersion is caused because each 
of the coloured rays has a distinct focus at a diflerent distance from 
the lens. This defect is called chrojinatic aberration, and Dollond 



discovered a method of counteracting this by making the object-glasses 
and eye-pieces of two or more diflerent lenses, either convergent or 
divergent, and varying the nature of the glass of which these lenses 
are formed. 

By forming the converging lens of ordinary crown-glass and the 
diverging lens (bi-concave or plano-concave) of flint-glass; and by 
giving certain curves to each surface of the combination furnished 
by calculation or experiment, Dollond made systems of achromatic 
lenses, so that the rays of white light, on being refracted in the 
desired direction, retained their parallelism on leaving the lens, 

* Dollond was descended from a French Proteatunt family, which the Eevocation 
of the Edict of Nuntcs obliged to take refuge in England. 
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in a word, they were not dispersed. Since that time the combinations 
necessary to give achromatic systems have been very varied. 

Ill every carefully-constructed instrument this defect of chromatic 
aberration is suppressed or at least considerably lessened. 

In Galileo's telescope achromatism results 
partly from the circumstance that the eye-piece 
is a divergent whilst tlie object-glass is a con- 
vergent lens. By taking care to make the eye- 
piece of flint glass and the object-glass of crown, 
the system will be achromatic ; but in this case 
the curves of the lenses would only give a very 
slight magnification, insufficient for general use. 
Lenses are therefore preferred in which achro- 
matism is obtained separately. 

Fig li)l represents an opera-glass, in wdiich 
the. combinations ad(»pted for the eye-piece and 
viu object-glass may be seen. The latter is formed of 

a bi-concave flint glass lens inclosed between two 
convex lenses of crown glass, whilst the eye-piece 
is a convex lens of flint glass placed between two concave lenses 
of crown. Sometimes the object glass alone is achromatic and the 




Fio 102 —Double or binocular opera glasB 


curve of the eye-piece is calculated in order to increase the magni- 
fying power. 
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§ II. The Invekting Telescope. 

We now come to an instrument of slightly different construc- 
tion, the refracting telescope, generally used in the present day for 
surveying and astronomical observations. This instrument consists 
essentially in a system of two converging lenses : the object-glass, 
giving a real and reversed image of tiie object; the other, the eye- 
piece, magnifying the first, but preserving its inverted position. As 
a matter of course the two lenses are both corn])oiind so as to produce 
achromatic images. By the help of Fig. 193, the path of the luminous 
rays in this instrument may be traced, and we shall easily see how 
it differs from Galileo’s telescope. 

The rays starting from the upper extremity of the object, supposed 
to be situated at an infinib' distance, form a ])arallel beam 1, 2, nutil 



Fio 103 —Path of the lummons rayb in the inverting teloscoiR 


they reach the object-glass 0. On passing through this latter, where 
they are refracted, they form, by their convergence at a, an image of 
this extremity. In the same way the beam 8, 4, coming from the 
lower part produces a real imago h. Tims we have a reveised image 
of the object at the principal focal distance of the object-glass, at nh. 
This image the magnifying glass or eye-piece ( )', magnifies, at A'Jl', 
that is, at a distance from the eye Wjual to the distance of distinct 
vision. 

An in Galileo’s telescope, the magnification depends upon the ratio 
between the focal distances of the object-glass and of the eye-piece. 
Therefore, the longer the focus of the object-glass, and the shorter the 
focus of the eye-piece, the greater becomes the lineai- magnification. 
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The value of the magniScatioii is expressed iu another way when the 
eye-piece is composed of a system of lenses. 

Fig. 194 shows the inner arrangement of the inverting telescope. 
The eye-piece is generally formed of two plano-convex lenses 
separated by a diaphmgm and adapted by a sliding tube inside 
the larger tube which holds the object-glass. 



Flu 194 — Inverting telescope . section oi inner view. 


By an external milled head V, the tube of the eye-piece is drawn 
in or out, in order to focus it, that is to say, to bring it into the position 
whei’e the image is formed perfectly distinctly. Tliis depends both on 
the magnifjing power used and on the observer’s eye, and for objects 
compaiatively near, on the distance of these objects themselves. For 
celestial objects, as their distance may be regarded as infinite, the 



Fio 195 - Astronoinieal itifroctur with huUor mounted on oidinaiy st^nd 


change of focus is only required by change of magnifying power, and 
the observer's eye which may be normal, near, or far-sighted. 

The applications of this kind oi telescope are \ ery various, as by its 
construction it is possible to insert in the eye-piece cross wires, by 
which it can be very accurately diiected to distant objects. Hence, 
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in all levelling operations such a telescope is employed with a system 
of levels and sometimes a horizontal circle. For surveying, a finely 
divided vertical as well as a horizontal circle is attached, and we have 
tlie Theodolite, Figs 196 and 197, by which from any spot one can 
determine the horizontal and vei-tical angles of distant points, and ."o 
map a country. 



Fio 196 —IheoUohtc Itvel 


As the inversion of astronomical objects presents no disadvantage, 
such an instrument is almost invariably used for all astronomical 
purposes which do not require the maximum of light ; for these 
reflectors are brought into play, as we shall see further on. 

Fig. 195 shows a telescope mounted on a stand for ordinary astio- 
nomical observations. When it is required accurately to determine 
the position of stars, the telescope is mounted so that it may 
command either all the heavens, in which case v^e have the astro- 
nomical equivalent of a theodolite called an alt-ozimiUh instrutnent ; or 
so that its observations are confined to the plane of the meridian, in 
which case we have the transit circle. Fig li)8. 

.s 
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When the largest telescopes are \ised other arrangements are 
adopted. 

To the telescope another small telescope, called a finder, is fixed 
parallel to the principal one, and its field of view is furnished with 
two threads or spider lines crossed at right angles. The magnification 
of the large refractor being considerable, the field of view embraces 
only a small part of the sky ; therefore, on using this to find an object 
it is brought into the field with much difficulty. The field of the 



Fii, 197.— Theudolite ^another fonn) 


finder being comparatively large, the object is easily found, and by 
bringing the object to the point where the threads cross, the object 
observed, or at any rate its central part, is then in the field of the 
principal refractor. The field of view of the large telescope- itself 
has a system of movable thi-eads at the common focus of the object- 
glass and eye-pieco. i.e., where the image of the object falls, so that 
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they can be observed at the same time, aud measures of the object 
can be taken. 

The long focus instruments in astronomical observntoiies are so 
heavy that their manipulation would be diffi(*ult uiiloas special 



Iio of the transit tiitle at Oieinwuh 


arrangements were adopted A complicated and carefully-balanced 
mounting, called the equatorial mounting (see Plate XI ), is therefoie 
used, and by moans of wheel-work and driving-clocks all tlie necessai> 
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motions can be given, so that the object can be kept in the field of 
view for a long time. 

From what we have already said of the magnifying power of 
an astronomical refractor, it follows that it depends for the same 
instrument, or rather for the same object glass, on the eye-piece. 
And indeed, the same object-glass gives various magnifying powers 
when different eye-pieces, with shorter or longer focus, are used. 
Theoretically speaking, the power of a telescope would be un- 
limited, did not other considerations, on which we will say a few 
words, come in. 

The quality and power of a telescope depend principally on the 
object-glass. In the fimt place it is indispensable that the material of 
which it is composed be as pure as possible, and that the glass be free 
from bubbles and striae. 

The grinding and polishing of the surface are also of great import- 
ance, and it is on their perfection that the sharpness of the images 
which are formed at the focus depends. 

Now, with equal perfection in the above qualities, the object-glass 
with the greatest diameter, and tlie longest focal length will allow 
the gieatest magnification. The brightness of the 

■ virtual image depends in the first place on the 
brightness of the real image, and consequently on 
the quantity of luminous rays which contribute to 
form it. This depends upon the size or aperture of 
the object-glass. As the magnifying power of the 
tiie eyc-picce spieads the light over a laiger space, the 

Illiked^e? virtual image is weakened and rendered indistinct in 

proportion as this magnification is greater, unless 
the rays proceed from luminous points of imperceptible dimensions, 
like the stars. In this case the loss of light due to magnification is 
slight, and the brilliancy obtained is in the latio of the squares of 
the aperture of the object-glass and the pupil of the eye. In this 
manner with a lens of large aperture, the number of the stars seen 
in a limited space of the sky'' is increased considerably, as repre- 
sented in Figs. 199 and 200. The one shows a portion of the heavens 
in the constellation Gemini, in which the stars seen with the naked 
eye are seven in number; by using a lens of 27 centimetres aperture 
M. Chacormac has counted 3,205, If we allow 6 millimetres lor the 
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aperture of tEe pupil, the light is increased in the ratio ot 36 to 
72,900 or 1 to 2,025, the absorption of light by the lens being 
neglected. This also explains .the possibility of distinguishing in 
the daylight with the telescope, shirs which can only be seen with 
the naked eye in the evening or during the night. 

Bodies not luminous of themselves, such as the moon and ])lanets, 
appear in the telescope much less brilliant than witli the naked eye , 



Fio aoo —The uune portion of the heaven* »een with a telescope of .'7 centimetre* aperture 

and it therefore follows that the magnifyins; power is limited for a 
given aperture. 

Astronomical instruments require such perfection in their manu- 
facture as makes them costly acquisitions. Tlie object-glass requires, 
besides purity of material, a long and difficult process ot grinding 
and polishing, without which the sharpness and acliiomatisni ot the 
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images cannot be obtained. It is also necessary to subject them to 
tests by experienced observers. Generally they are tested by certain 
celestial objects difficult of observation — certain double stars among 
them, other objects may be seen moderately well through nearly all 
instruments, and no glass is so bad that the moon cannot be looked 
at with jdeasure. But high powers must be avoided except for 
stars. A medium power which gives clearness and sharpneas is 
jirefefable to extreme ones, which are too often applied to instruments 
without any real use. 

Among the most noted and poweiful astronomical refractors known 
in the present day, we may notice those constructed by Messrs. Cooke 
and Sons of York and by Alvan Clarke of America, of 25 and 20 
inches aperture respectively. The former belongs to Mr. U. S. Newall 
of Gateshead, the latter is at work in tlie Naval Observatory at 
Washington. 


§ III — The Kuecting Telescope. 

Kepler made the theoretical discovery of the astronomical telescope, 
with convergent eye-piece, but the great astronomer did not realize 



h 1 j. 201 —Path if the luuiiiuiua imyB iu the electing telesuipe 


Ills conception ; Father Sclieiner it was who first constructed a tele- 
scope of this kind, which hy degrees superseded Galileo’s. A short 
time after, Keita invented the terrestrial telescojie, which only differs 
irom tlie astronomical in the arrangemcJit of the eye-picce. lly 
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using two convergent lenses of the same focus, placed between 

the system o' of the astronomical eye-piece and the real image of the 
object-glass, a, i, tlie virtual image is made erect, as it is easy to 
see by following the path of the rays in Fig. 201. We see there- 
fore that the eye-piece system of the erecting or terrestrial telescope 
is formed of three or four lenses. 

The advantage of this combination is that the images are erect, 
which for terrestrial objects is necessary. The inconvenience lies in 
the feebleness of the light. The light absorbed and reflected by tl)e 
passage through two extra lenses is the cause of this. 

In the present day such telescopes are made of all diniensions 
and very varied powers, both for useful applications as well as lor 
amusement. Before the invention of the electric telegraph, those 
who worked the aerial telegraphs used telescopes to see the signals 
clearly, witli apertures of 8 or 9 centimetres and 2’r)0in. focal dis- 
tance. Sailors use similar instruments but of smaller diniensions, on 
account of being more convenient to handle on board ship. Night 
glasses, of wliich they make fre([ueut use, are either telescopes with 
a simple eye-piece like astroiiornical refractors, or with an object- 
glass of large diameter in order to give the greatest jiossible light and 
to allow of observation when the light is dim. For houses in the 
country more powerlnl glasses are constructed, as they can be fixed on 
stands of various forms ; they are furnished with a number of eye- 
pieces, some terrestrial and others astronomical, of different magnify- 
iiiu powers, and with these astronomical amateurs can make many 
interesting observations. 


§ IV. — BliFLECTIVG TfiLEfiCOPES. 

A reflector, orcatadioptric telescope, differs from a refractor in this 
way ; the object-glass is replaced by a concave mirror, which gives 
a real image of the object, situated at its principal focus when the 
object is at an infinite distance. By adjusting the eye-piece properly 
for the examination of this image, the magnification wished for can 
])e obtained as in the refractor. The substitution of a mirror for the 
lens was suggested by Zucchi in 1616. But Gregory, an English 
astronomer, deserves the credit of the first effective apjdication, and, 
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one may say, of tlie invention of this telescope. As will be seen 
further on, in liis form of instrument the image of the object magnified 
by the aid of the eye-piece is formed after double reflection, first, by a 
large and then by a small concave miiTor, whence considerable loss 
of light results. Newton proposed a different arrangement, in which 
the reflection took place on two mirrors, one of them being a plane 
one; and lastly. Sir W Herschel completely did away with the 
second reflection in the telescopes of large apertures which are 
named after him. We will begin with this last system, the most 
simple of all. 

A concave mirror M, arranged at the bottom end of the tube, receives 
the rays coming from the object ab, and by reflection gives rise to the 



Fio 202 -Pnnoipli* «iid airaiifi^mont of Sir W Horac^hel r (fiont view) te1es«o)>e 


formation of a reversed aerial or real image, h, a. By using the eye- 
piece 0, arranged in front of the principal focus of the mirror on the 
lower edge of the tube, the eye sees tlie image b'a' magnified, but re- 
vemed. This arrangement is only possible in telescopes with a mirror 
of laige aperture, so that the head of the observer, who turns his 
back to the portion of the heavens observed, does not to any large 
extent intercept the rays falling on the mirror. For this reason a 
position slightly inclined to the axis of the tube is given to the 
mirror. In a very large telescope the portion of the head which 
encroaches on the aperture of the tube is but a small fraction of the 
surface of the mirror; this would not be the casein a telescope of 
small dimensions. Telescopes of this kind are known as front-view 
telescopes, a name given to them by Sir W. Herschel bimnolf 
The largest made by the illustrious astronomer of Slough on this 
model is that represented in Fig. 203. It was 30 feet 4 inches 




PLATE A —THE ROSSE REFLECTOR 
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in length (13 metres), and the mirror had a diameter of 4 feet 10 inches 
(l*47ni). Arago remarked, “Such dimensions are enormous, compared 
with those of telescopes made up to the present time, Nevertheless, they 
would appear very insignificant to the people who were told of an 
imaginary ball given inside the Slough telescope. The originators of 
this story confounded the astronomer Herschel, with the brewer 
Meux, — a cylinder in which the shortest man could scarcely stand, with 
the large wooden vats, large as houses, in which beer is made and kejit 



Fit, 20J - Sii W Heitichel'b laige toleat oiw (Iroiit Miv/j at the SUhikIi obaenaUny 


This telescope with its immense w'eight was, as may be imagin(‘d, not 
easy to move. A very ingenioub combination of masts, pulleys 
and cords, and the continual help of two men, besides an assistant 
in charge to take the time, were required for working it. More than 
this, observations with such powerful instruments necessitate a 
sky of the greatest purity, without which the magnification of the 
ii regularities due to the atmosphere deforms the images and causes 
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them to be indistinct Herscbel found that in England there were 
not more than one hundred hours during which tJie sky could be 
studied usefully with his largest telescope, using a magnifying power 
3000 times. Tin’s conclusion drove the celebrated astronomer to 
acknowledge that to take with his instrument a survey of the 
lieavens, with the field only one instant on each point of the 
OA pause, would require no less than eight hundred years. 

The telescope which was erected by Lord Kosse in his park of 
Parsonstown, in Ireland, is still more colossal than Hei’schers. The 
metal mirror of 1 83 metres (6 ft) in diameter and about 17 metres (60 
feet) focal length, alone weighs neaily 4000 kilogrammes. The total 
weight of the optical apparatus, tube and mirror, is not less than 
10,400 kilogrammes It has been stated that a magnifying power 
of 6000 can be employed. But such a power is only applicable to 
observations of very luminous objects, such as stars or star-clusters. 
Researches in sidereal astronomy have been carried on with the 
greatest success by means of this magnificent instrument. In a 
companion volume to this, T^e Heavem, numerous examples of 
stellar clustem and nebula?, obsened mostly at Parsonstown with 
the large telescope which is represented in Plate X. are given 

We have now come to Gregory's form of telescoi)e At the 
principal focus of the laiger mirror, placed at the eye-end of the tube, a 
reversed image of the celestial object ab is formed. In front of the 
great mirror and on the same axis, a ’small concave mirror M with 
xcs reflecting surface turned towards the laiger mirror is arranged. 
The real image is formed by the larger mirror in front of this 
small one, which then forms a second and enlarged image doubly 
reversed, which is magnified by the eye-piece. 

To give an outlet to the pencils of light, the large miiTor is 
pierced with an opening at its centre, near and behind which is 
iixed the eye-piece tube, so that the observer has the eye turned directly 
towards the portion of the sky observed, as in the refractor. The 
light is reduced first by the aperture made in the centre, which 
diminishes the surface, but particularly by the second reflection on the 
surface of the small niiiror. This is the inconvenience of Gregory's 
form; the principal advantage of it is the facility with which 
observations are made, but this does not always dispense with the 
necessity of a finder. 
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lu Gregory’s telescopes, the magnified image is erect j this instni- 
ment may therefore be used as a lerrcstriul telescope. By the use of 
a rod outside, the small mirror can be moved so as to obtain 
accurate focus, the eye-piece being fixed. Tliis adjustment is also 
necessary when an obseivatiou is first taken on a celestial object 
and then on a terrestrial one more or less distant from the 
observer. 

Cassegrain’s telescope is arranged in a somewhat similar manner 
It has the same inconveniences and some advantages In this 
consti'uction, the small mirror, which is convex, is ])laced between the 
large mirror and the image. 

It remains for us to speak of the form suggested by Newton, 
Fig. 206. The mirror m which receives the rays from the object 
mirror m is placed, as in Cassegrain’s, in front of the principal 



focus where the real image is formed. But it is a plane mirror 
inclined at an angle of 45°, so that it deviates the beam in a 
direction at right angles to the axis of the instrument. An aperture 
is made in the side of the tube, and the eye-piece tube is placed 
in it to examine the magnified image. 

Instead of a plane mirror, a rectangular prism may be useil, the 
rays are reflected to the eye piece by the back surface at tlie angle of 
total reflection. 

Sir W. Herschel constructed a number of telescopes for his own 
observations ; he ground and polished the mirrors, and was most 
skilful in these long and delicate operations. 



The following are some interesting details borroi^ ftom the 
excellent notice published by Arago on the labours of l^e great 
astronomer at Slough : — 

“ Before finding direct and certain methods of giving the neces- 
sary images to the mirror, it was leqmsite that Sir W. Herschel 
should win his way by degrees like his predecessors His trials were 
directed in such a way that he did not take a step backwards In his 
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method of work, according to an old adage , ' Le mieuuit nHatt jamais 
Pennemi da hen* When Heischel nndeitook the constiuctiou ol a 
telescope, he cast ^ and worked several miiiois at a time— ten, foi 
instance The one of these nnrrois with which observations made 

' The metal of which the mirrors oi telescopes are made is generully composed 
of 67 parts of copper and 33 of tm This alloy is of a yellowish tint, and is sus- 
ceptible of a beautiful polish Sometimes small proportions of brass, silver, arsenic, 
and also platinum are added 



PLATE XI.-THE NEW TELESCOPE OF THE PAR18 OBSERVATORY 
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under favouiuble circumstances gave the best results was placed 
in the first rank and put aside, and the nine others were worked at. 
When one of these became better than the first, it took its place, . 
until, in turn, another took the lead, and so on. It is ciirious to 
learn on what a large scale these experiments were carried on even 
at a time when Herschel was only a simple amateur astronomer in 
the city of Bath. He made as many as 200 Newtonian mirrors of 
7 feet focus (213m), 150 mirrors of 10 feet focus (3’05m), and about 
24} mirrors of 20 feet (6*0y6m). 

“ * Each time Herschel undertook to polisli the mirror of a telescope,’ 
says Lalande, Mie worked continuously for ten, twelve, and fourteen 
hours. He never left it an instant, not even to eat, and received 
from his sister’s hand tlic nourishment without which it would Iuinc 


/iL 



been imi)()ssible to undergo such long fatigue. Herscdicl would not 
leave his uurk for any consideration; according to him, this would 
have spoilt it.’ ” 

Telescopes with metal mirrors ha\ c serious incoin eniences ; 
besides the enormous weight of the mirror, when the apertuu* 
is considerable, they have the defect of requiiing frequent polishing, 
as they tarnish under the influence of atmospheiic moisture. The 
polishing itself is a delicate operation, as it may change the curve 
of the miiTor. 

Eoucault succeeded in diminishing considerably with equal 
apertures the weight of the mirror, and rendering the curvature 
nearly unchangeable — great advantages in addition to the absence 
of chromatic aberration. 
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To accomplish this, he substituted glass miiTors for metal ones, 
and rendered them free from spherical aberration by working them 
l^y a special method until they had obtained a nearly perfect 
parabolic form. He also increased the reflecting power of the mirror 
by silvering the surface. By using a solution of ammoniacal 
nitrate of silver in alcohol it is possible, at the ordinary temperature, 
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to cover the surface Vrith a thick metallic film, which can he easily 
renewed without at all damaging the geometric form of the mirror. 

An instrument of this kind, arranged after the Newtonian system 
and mounted equatorially, so that the diurnal movement of a 
heavenly body may be followed, has recently been constructed at 



PLATE XIl —THE TELESCOPE APPLIED TO THE STUDY OF THE HEAVENS. 

1 Bunipota— 2 Lnnar ( raters —S Jupiter with his belts —4 Spots, poles, continents and 
Mars-O A nebula -6 A Stor cluster 
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the observatory of Paris. (See Plate XI) The mirror is 120 
metres (4 feet) in diameter. 

The illustration which we give represents the telescope in a position 
for observation. The wheeled hut under which it usually stands, a 
sort of waggon seven metres high by nine long and live broad, is 
pushed back towards the north along double rails. The observing 
staircase has been fitted to a second system of rails, which permits it 
to circulate all round the foot of the telescope, at the same time that 
it can turn upon itself, for the purpO'ie of placing the observer, 
standing either on the ste})s or on the ui)per balcony, within reach of 
the eye-piece. This eye-piece itself may be turned round the end of 
the telescope into whatever position is most easily accessible to the 
observer. 

The tube of the telescope, 7*^>0 metres in length, consists of a 
central cylinder, to the extremities of which are lastened two tubes 
metres long, consisting of four rings of wrought iron wrought togetlu^r 
by twelve longitudinal bars also of iron. The whole is lined with 
small sheets of steel plate. The total weight is about 2400 kilo- 
grammes. At the lower extremity is fixed the cell which holds the 
miiTor ; at the other end a circle, movable on the open month of the 
telescope, carries at its centre a plane mirror, which thiws to the 
side the cone of rays reflected by the great mirror. 

The weight of the min’or in its barrel is about 800 kilogrammes ; 
the eye-piece and its accessories have the same weight. 

Silver-mirror telescopes are made of small dimensions, which 
magnify GO to 200 times. Fig. 207 represents one of this model, 
with the mirror 10 centimetres in diameter and only GO centimeties 
focal distance. With a similar instrument astronomical amateurs may 
divide numerous double stars, observe Jupiter’s satellites, Saturn’s 
rings, sun spots, and distinguish very interesting details m the 
lunar mountains. If we wish to form an exact idea of the important 
services that the invention of telescopes has rendered for the last tvo 
centuries to the science of observation, and particularly to the 
astronomer, it is necessary to read the history of these sciences 
themselves ; at each page one is arrested in wonder before the 
grand results. 

We have collected in Plate XII. a few’^ examples of the 
details which the telescope gives us of the structure of the sun, 



278 


THE APPLICATTONS OF PHYSICAL FORCES, [book hi. 

moon, and ])lanets, and of those more distant masses of matter, 
star-clusters and nebulce. 

But it is not the curiosities or the wonders of the heavens 
alone whicli we must pass under review ; it is not only the depths 
of infinite space wliere the systems of stars and nehulte shine that 
must be explored. We must insist above and before all upon the 
pro^yress which the use of these instniments has rendered possible 
in exact astronomy, and in the sublime theories whicli now explain 
all the laws of the heavenly movements by considering the entire 
universe as a system of bodies and forces reacting one against the 
other — a system offering to geometry, on an infinite scale, the most 
a Iniirable applications of the theories of rational mechanics. 
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('IIAITKII V. 

THE STEKEOS(^OPE. 

§ L— Vision in Kelief. — Whea^ts tone’s Reflectino Stkrkoscoi»e. 

When we examine, with the naked eye, a landscape, tree, or iiionu- 
iiient, we have not simply the sensation of a picture, tliat is to say, of 
a Hat representation of the objects severally portrayed on our retina 
We have, besides this, a clear and lively impression of the relief 
of the objects, that is, of their unequal distances, and the intervals 
which separate them; the depth of space is an intuitive sensation 
resulting from the normal phenomenon of vision. 

Why do paintings never produce the same impressions as the 
objects themselves, whatever may be the merit of the* artist who has 
created them, however faithful the ])erspective, the contour, tlui 
colouring of the objects, and the lights and shades i It is a great 
and rare talent which throws atmosphere into a ])icture, depth into 
a landscape ; but even when the artist has succeeded, the idea of 
relief falls very short of nature. 

It was long before this difference between a flat representation and 
the real view — vision in relief — was accounted for. There is, however, 
a very simple method of solving the problem. If, after observing 
a foreground with both eyes we examine it with one, either the 
right or left, the sensation of relievo, of depth, disappears ; or at 
least it is to a great extent diminished. Tin* landscape itself seems 
a painting in which the different lines are confused togetlier. This 
difference between ordinary or binocular and monocular vision, 
is almost imperceptible for distant objects ; it is greater in propor- 
tion as tlie objects are nearer; it attains a maximum for those in the 
foreground. 
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This first point proved — What is the result vihen we examine an 
object in relief with one eye ? This may be tested in the simplest 
manner. Let us take for example a cube die (Fig. 208), or a quadran- 
gular pyramid. I^t us place them both in a vertical plane passing 
between the two eyes, and look at each with -both eyes together: the 
two figures A and D will represent the two objects seen in that way. 
If we close the left eye the aspect will change. The right lateral 
surface of the die A' will be more visible, while the left will have 
(hsaj)pearcd ; the lateral surfaces of the p 3 ’'ramid B' will also appear 
of unecjual size. If we now close the right eye, an opposite effect 
uill be produced a.s shown at A" and B''. We may make a thousand 
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.similar experiments on near or distant objects. We shall find that* 
the sight, with the right eye alone, discovers parts which remain 
hidden when we use only the left eye. From this we conclude that 
a different picture of the same object is painted on each retina, right 
and left, so that we might expect as a result of binocular vision a 
double picture. But experience proves that this is not the case, and 
that these two pictures are so superposed as only to give one distinct 
impression in which the different parts of the two pictures are united. 
Complete or normal vision envelops, so to speak, objects in relief, 
and the more so the nearer they are. 
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If to this we add the necessity of accommodating the eye for 
accurate vision according to distance we shall understand tlie dihev- 
ence, already explained, between the impression produced by the 
binocular sight of real objects and the impression made by the 
most accurate picture representing them. In the case of the 
picture similar images are painted on each retina, and vision in 
relief, stereoscopic vision (<rTep€u 9 , solid, and aKoirelv, to see) is 
impossible. 

It is to the analysis of these phenomena that we owe the inven- 
tion of the optical instruments known as st(»reoscopes. A celebrated 
English natural philosojdier, the late Sir Charles Wheatstone, was 
the first ■who had this idea, and he realized it in the little a])i)aratus 
which bears the name of reflecting stereoscope. 

This very simple arrangement is as follow^s : — M and M' are two 
vertical mirrors ])lnced at right angles to each other on a rectangular 
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lionrtl, so as to form with the edges of this hoard angles of 4.i" I'wo 
lateral upright'! A and A' are furnished with cross-head guides, and 
can thus receive two images of the same object, of the same A’iew. 
It is evident that these images will he reproduced reflected hy each 
mirror, and form two vertical images, apparently placed behind each 
mirror symmetrically with regard to the actual object. Thus n h will 
produce the image the two similar points a' b of the object on 
the right will form an image a\ h\ which will be placed exactly over 
the first. 

If then the two ej-es 00' are placed in front of the mirrors, and 
if by means of a diaphragm each is prevented from seeing the image 
produced on the ether mirror, the two images \ and h\ will 
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seem to come from the same point in space ; they will be depicted 
on the retina of each eye, as would happen in the case of a real 
object. Now, what is recjuired to produce complete identity between 



the phenomena of vision in the case of the real object in relief, and 
the same object in a picture ^ This, — that the t\> o separate views be 
jirecisely those received by each eye individually examining tliem 
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from the same point of view. This is an essential condition of stereo- 
scopic vision ; if it be realized, the superposition of the two images will 
occur as in nature. We shall have before us, not a flat representation, 
but a vision in relief, more life-like and vivid, in proportion as the 
reproduction of the pictures with their details of light and shade is 
faithful. If they are not coloured one may fancy one sees ol)jects in 
marble, a sculptured reproduction of nature. 

Wheatstone’s reflecting stereoscope was very soon modified, or nt 
least the principle on which it was constructed has been the basis of 
a more handy and more perfect instrument, the invention of Sir 
David Brewster, and this was still further perfected by two 
French opticians, Soleil and Duboscp 

But before describing the refracting stereoscope, a simple process 
which enables us to realise the stereoscopic vision of images may be 
referred to. We require, for this, to place two drawings side by side, 
as is done in Fig. 210, and to interpose a diaphragm, a bit of paj)ei 
or card-board, on the middle line between the two eyes. After some* 
seconds the two images are superposed, and stand out in relief. Still 
it is a fatiguing exercise for the eyes, and stereoscojies, as now con- 
structed, have a marked advantage over this elementary stereoscopic 
process. 


§ U.— Brewsteu’s IlEFUACTiNo Stereoscopk—Hij.mh<m.t//s 
Stereoscope— I'skvdokScope. 

We now arrive at Brewster’s stereoscope. Here, Fig. 211, the 
two images are not examined by reflection on two niin'ors, but 
directly, by placing the eyes before two lenses, two portions A A' 
of a prism or a converging lens. From similar points, V C', on 
each stereoscopic view a ray of light proceeds, which is refracted 
by each prism, and gives rise to an image in the eye which is 
formed at the same point, beyond the plane of the drawing, at C. 
The same thing happens with all the corresponding parts ot the 
picture, so that the two stereoscopic views are depicted simultaneously 
at a, &, the right view on the right retina, the left on the lett retina. 
Perfect vision in relief is the result, especially if the pictures are 



284 


THE APPLICATIONS OF PHYSICAL FORCES, [book hi. 


exact photographic reproductions, carefully taken from well chosen 
positions, and with favourable conditions of light. 

It is important that the tw’o images be equally illuminated. This 
is secured by holding the stereoscope so that the light falls equally 
on both piotui’es through the opening arranged for the purpose. If 

the photographs are on glass, the 
apparatus may be placed opposite 
the daylight or lamplight. In 
this case the buck of the stereo- 
scope is provided with a piece of 
ground glass, which evenly distri- 
butes the light, and intercepts the 
vision of exterior objects. 

The stereoscope not only gives 
the impression of relief, it also 
]>roduces the effect of converging 
lenses or magnifying glasses, fur 
it magnifies objects, and conse- 
quently fRcilitates the accurate 
study of details. 

To increase these effects the prisms are replaced by combinations 
of lenses, as represented in section on Fig. This form was 

arranged by Helmholtz. IJesides the alteration of the eye-pieces, it 
is distinguished by a special mechanism, by which the distance of the 


0 / 0 ' 
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Kici. 212.- ttefrncting atereoirope ; external view. 


two eye-pieces can be regulated, and the distance of the eyes or the 
lenses from the stereoscopic pictures can be increased or diminished 
at -will. This arrangement is useful, because stereoscopic images are 
not always so placed that the distance of the corre8i)onding points 
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eoiucides with that of the eyes, or that their heights are equal above 
the base-liue. The eye-pieces may be shifted, by help of the screws, 
either laterally or up and down. The movement of these draw-tubes 
is intended to bring the photographs into focus. 

Monuments, figures, in short every salient object is depicted in the 
stereoscope with a wonderful fidelity of relief, which causes comjdete 
illusion. But, as Helmholtz justly remarks,^ “the advantage of 
stereoscopic vision is most strongly felt in examining reproductions of 
tliose objects ^^hich cannot be successtully ]e])resented in ordinaiy 
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drawing or painting ; such as irregular locko, blocks of ice, micio- 
scopic objects, animals, forests, &c. Glaciers especially, with their deep 
fissures illuminated transparently through the thickness of the ice, 

^ Phf/6tologieal OpticH 
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produce a surprising effect in the stereoscope. The single image 
generally gives the idea of a confused agglomeration of grey patches, 
whereas the stereoscopic combination brings out in the most palpable 
manner the forms of the blocks, as well as the effects of trans- 
mitted and reflected liglit. The primary difficulty lies in accurately 
rendering such irregular forms as blocks of ice when simply illu- 
minated by incident light; this is increased by the light trans- 
mitted by the ice, which completely alters the ordinary effects 
of shadows. The stereoscopic representation of brilliant objects, 
such as water covered with light rippling waves, produces very 
wonderful effects.” 


Some stereoscopes are so constructed that the light proceeding from 
the two pictures, before passing through the prisms or eye-lenses, is 
totally reflected inside two rectangular prisms, whose reflecting sur- 
face is parallel to the direction of the light which reaches the eyes. 
In this arrangement, the two images aie seen with the symmetry of 
nature ; they are superposed, but in such a way that what is on 

the right side is seen on the left, and 
^ ^ vice rersd The images are thus in- 

^ verted ; and, consequently, the result 

is such that hollow objects appear in 
relief, and the reliefs appear hollow. 

Nevertheless the shadows sometimes 
dispel this illusion, as do other circum- 
stances which assist the perspective and 
shadows in giving the vision the feeling 
of relief. An example will show us 
the reason for the change of position 
of the images in this arrangement of 
Fio 214 -The pseudonpope the stereoscope, which is called the 

pseudoscope. 

Let us consider tlie case of a truncated pyramid seen from above, 
and let us suppose that the oblique light produces no shadow ; 
there vdll only be the various degrees of brightness in the lateral 
surfaces. 

The two stereoscopic views should be arranged as in figures A' and 
A ", and then they will give, in the stereoscope, the impiession of 
relief. But in the pscudoscope the two drawings give symmetrical 
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images, and produce the effect which would he given by the two 
stereoscopic views and Now these images, which are super- 
l)Osed by the effect of the apparatus, are views of a jiyramid similar to 
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the fiist one, illuminated ])y the same liylit, hut apiieaiing hullow iii- 
htead of in lelief, since iii the right eje the left side is eiil.iiged hy 
the perspective, and the contrary ( fleet is felt in the left eye The 
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effect of the pseudoscope is pioduced naturally when wc aie looking 
at drawings in which the shadows are well defined, as in medallions 
An object of this kind will be seen now in relief, now concave. One 
or other sensation is easily obtained at will, if care is taken to place 
the drawing in such a position w'lth regard to the light that the shado\\ s 
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eoiue on the side where they would actually be found, if the drawing 
were in reality in relief or the revei’se. 

The beautiful Jacsumle of a lunar })hotograph, which we owe to 
the courtesy of M. Warren Delarue, and which forms the eleventh 
plate of the fourth edition of The Heavens, is well fitted for the 
experiment of which we speak. The volcanic craters of the lunar 
mountains ap])ear in one case like the hollow shafts of a cone, which 
tliev really are, and, in the other aspect, they resemble inverted 
bubbles. 
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CHAPTEK VJ. 

PHOTOGRAPH y. 

§ I. — First Attkmpts at Fixing the Images Produced in the 
Camera Obscutra — Discoveries of Niepce and Dacjuerre. 

When rays of light, ])icH*ee(liiig from an ohjoct, are received on a 
white surface, at the focus of tlie converging lens of the camera 
ohscura, a marvellously 1‘nithful image is produced. It is a true 
picture in miniature of the landscape in view, witli all its shades of 
light and colour and all the most minute details; hut it is a fleeting 
image, quite ideal, so to .s]»eak, consisting only in the movement of 
the waves of light. We close the ojicning which gives access to 
those waves, and, instantly, the image vanishes. 

More than one observer, from Porta, the inventor of the camera 
ohscura, to Niepce and DagueiTe, the inventors of jdiotography, must 
have desired to retain and fix these images, and thus to enlist nature 
herself as coadjutor with art in drawing and j)ainting. What was 
required to produce this result? The knowdedge of another property 
which the rays jiossess, of acting chemically on certain substances, 
and thus leaving a visible trace of their action, the power of wdiich 
is in pro])ortion to the intensity of the rays. In 1770, Scheele had 
discovered the property possessed by chloride of silver of turning 
black under the influence of light, or ratlier he had studied afresh 
this action knowm to the alchemists of old. It w^as by utilising this 
property that an able French naturalist succeeded, in the early part 
of this century, in obtaining sketches by the action of light. We 
do not know how he obtained them, but doubtless the process em- 
ployed by him had some analogy with that described by Arago in the 
following terms, and by which negative jiroofs of a j)icture may be 

u 
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obtaiued : — Place a picture on some paper coated with chloride of 
silver, and expose tlie whole to the sunlight, the picture uppermost. 
The dark portions will stop the *raj s ; the corresponding parts of the 
coating, those toucljed and covered by these black portions, will 
retain their })rimitive whiteness. On the contrary, where the paper 
on which the picture is printed has retained its semi-transparency, 
the solar liglit will pass and blacken the silver layer. Tlie result 
will be a copy like the original in form, but with a reversal of 
all the tints; the lights will be found dark, and vice versa!* 
Unfortunately these negatives, like Charles’s sketches, were not 
])ermauent, because the light, continuing to act on the parts not 
attacked at first, eventually covered the paper coated with chloride 
with one uniform tint of black. In 1802, Wedgwood succeeded in 
copjing engravings, and in rei)roducing, on white leather and on 
j)aper coated vith chloride or nitrate of silver, the designs on the 
painted windows of churches ; but he did not think it possible to 
apply his process to the reproduction of the images produced in the 
camera obscura. At the same time Sir H. Davy succeeded in 
obtaining pictures of minute objects by placing them at a short dis- 
tance from the lens of the solar microscojie. These attempts were 
houever incomplete, in the sense that neither Wedgwood nor Davy 
discovered the means of fixing the images obtained, that is, of pre- 
venting their disappearance in sunlight. About twelve years later, 
Nicephore Niepce of Chaloiis-sur-Saone, who devoted his leisure to 
scientific studies, also attacked this problem of the jihotogenic repro- 
duction of the images seen in the camera obscura. After numerous 
unsuccessful efforts, he was obliged to give up the attempt to obtain 
views from nature, monuments, or scenery, on account of the great 
length of time required by the materials he used to receive the 
action of light. Until 1829, the time of his association with 
Daguerre, Niepce confined himself to the photographic copying of 
engravings ; but he had the satisfaction of succeeding completely in 
fixing the images, a problem unsolved by Charles, Wedgwood, and Sir 
H. Davy. We will describe his process in a few words. 

To a sheet of copper, covered with silver and perfectly polished, he 
applied, with the aid of a stopple, a varnish composed of bitumen dis- 
solved in oil of lavender. The plate, after being gently warmed, was 
then found to be covered uniformly with a whitish layer of bitumen 
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adhering to its surface. Placed in this state in the focus of the lens 
of the camera ohscura, it showed after a little time faint lineaments 
of the picture. To make these features more discernible Nie])ce 
formed the idea of plunging the plate into a solution, ot oil of 
lavender and petroleum ; and he discovered that those parts of the 
film which had hccn exposed to the light remained almost intact, while 
the others dissolved rapidly and left the metal bare. After having 
washed the plate with water the image was visible, the lights 
and shadows being correctly shown — in a word, a poMivc copy of 
the picture had been obtained. The lights Avere formed by the 
diffused light proceeding from the whitish, unj)olished matter of the 
bitumen ; the shadows by the polished uncovered parts of the 
silver; it must however be understood, that this resulted when the 
pure ])aits of that metal were so situated that they could not send 
any bright light to the eye by specular reflection. The half-tints, 
where they existed, resulted from those parts of the varnish which 
a partial penetration of the solvent had rendered less dense than 
the parts which had remained intact.” (Arago.) Daguerre began by 
perfecting Niepce’s method: he succeeded in reducing the time of 
exposure of the plate to the light ; but even then necessitating an 
action of several hours. We can understand, therefore, that, even with 
these improvements, it was well nigh impossible to obtain satisfactory 
reproductions of images in the camera, as objects illuminated by the 
sun for so long a time had their shadows in one position at the com- 
mencement of the expeiiment, and in anoth(*r at the end. The result 
was a confusion of images, the tint becoming flat and uniform, and 
the relief eventually disappearing. 

In any case, the original idea and the glory of inventing photograpliy 
belong by right, in a great measure, to Niepce, though he had not the 
privilege of personally enjoying the triumjdi and sharing with his asso- 
ciate Daguerre the honour of national gratitude justly bestowed on the 
two inventors.^ It was Daguerre who, by the invention of an original 
method, carried to perfection the new art of reproducing, by light, all 
the details of a view from nature, such as a landscape or a portiait. 

' A law was passed in July, 1839, gi*aiiting to Daguerre and Niepce^« son 
two life pensions of 6,000 and 4,000 francs, on condition of their giving to the 
public the results of their inventions and discoveries in photography. Niepce, tlie 
father, died in 1833. 

1 2 
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Many improvements were afterwards made in tliis process, which 
is now no longer practised, having been replaced by many others, 
more expeditious and less costly; but from the first the daguerre- 
otype proofs attained a finish, a precision which have never since been 
siir])assed. In a historical and scientific point of view, however, 
and as an application of the laws of physical phenomena, Daguerre's 
])rocess has an inii)ortance which necessitates our describing it 
in detail. The enthusiasm with which it was received at the outset 
by savants and by the public, as well as by artists, was but its due, if 
we consider the immense services it has rendered, and which the new 
processes render still more. Geography, the ])liysical and natural 
sciences, ethnology, architecture, and even the arts of drawing and 
j»ainting, have been indebted to and have benefited from the aid of 
])hotography. 

Let us see, then, what nas the original process of Daguerre in 183i), 
and how he succeeded in reproducing ])ictures by means of tlie 
process which was tlicn called the (htynernot tf 2 )c. 


§ II. — The DA(iUEUKEOTVl*E. 

I )agueiTe employed, like Niepce, a bh(*et of copper of the thickness of 
strong cardboard plated with silver. He divided into five operations the 
series of manipulations which formed his process. The following de- 
scription of them is taken from the notice published by the inventor. 

The first 0 })eration consisted in cleaning and polishing the plate. 
The silver surface was fust polished very carefully with some cotton 
steeped in olive oil and some very finely powdered pounce; the greasy 
coating w’as then taken off* with a stopple moistened with nitric acid 
and w\ater. The plate, made very hot, was again polished with pounce, 
this time dry, until the silver became perfectly bright. 

In this state the plate w^as ready to receive the sensitizing bath, a 
second operation, which consisted in exposing the polished surface to 
the vapoui’s spontaneously exhaled from some fragments of iodine.^ 
This was done in darkness, and the operator could only judge by the 

* It should be remarked that Niepce tried to bleach his bitumen with iodine, 
and lifter coinmuBicating this fact to Daguerre it is probable that this savant first 
observed the action of light on iodide of silver after repeating the experiment. 
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light of a candle whether the desired result was obtained ; the silver 
coating should then have taken a beautiful golden hue. This opera- 
tion required from three minutes to half an hour, according to the 
temperature. 

The plate thus prepared was then placed at the focus of a l(*ns in 
the camera, care being taken not to leave a longer interval than an lioui’ 
between this third operation and the preceding one.^ The obj(»cts to 
be copied were ])laced in the direct light of the sun. After this jdate 
had been exposed for a certain time, varying with the time of day 
and with the season — and which for Paris was three* minutes at h‘ast 
and thirty minutes at most — the 
])hotogenic action of the light was 
eornpletp. The idate, on which 
nothing was yet \isibl(», and from 
whieli the light had to be care- 
fully excluded, bore a faithiul 
impression of all the objects which 
had co-operated in sending to it 
luminous rays. 

It only remained then to de- 
veloj) this image, hidden as it 
were beneath a v(‘il, and to lix it 
so as to preserve it from lading. 

Daguerre thus proceeded to eflect 
these last two operations. 

The ])late u as put inside a box, 
and the impr(*ssed surface*, inclined 
at an angle of 45’, was submitted to the action of vapours, which 
escaped from a capsule containing mercury heated to a temperature of 
60° to 75° centigrade. After some minutes the jucture began to aj)pear 
and to become more and more clear and accurate, a r(*sult wdiich would 
be watched by the light of a candle. After the temperatuie ot the 
mercury was lowered to about 45° the operation was com})l(*te, and 
the proof perfect. It could then be kept without changing lor several 
months, if it were not exposed often to daylight. “ The object of the 
fifth operation,” says Daguerre, “is to clear tlie plate from the iodine, 

' It was subsequently found that the sensitivenp‘<s of the plate was increased by 
allowing the iodized plate to reniiiin half a day l»eh)re e\]>o&iirc. 
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wliich would go on decomposing and destrby the proof if it remained 
too long exposed to the liglit.” Was this interpretation scientifically 
exact? We shall see later on. The inventor always succeeded 
in his aim by shaking tlie jdate in a hot solution of sea-salt, or better 
still, in a solution of hyposulphite of soda,^ and then washing it in 
very hot water. When all trace of the golden coating had disap- 
I)eared, this last operation was known to be successful. 'The proof 
was then covered with glass to save the surface from being scratched 
or rubbed, and it was thus preserved intact, even when exposed to the 
light. 

This is an epitome of the method invented by Daguerre without the 
details of nianijmlntion, which are devoid of interest from a scientific 
point of view. Inij)rovements and jirocesses were soon added which 
ere long dethroned the original invention, without in any way detract- 
ing from the merit of the two men who contributed to its discovery. 


§ II. — Improvkments made in Daguerres Process. 

We have shown wdth what enthusiasm the discovery of Niepce 
and Daguerre was everywhere received. As the manipulations re- 
(piired in this art were neither difficult nor expensive, and as, thanks 
to the law, the invention had become public property, a number of 
amateurs, artists, and scientific men set themselves to practise 
photography. The result was a series of modifications and iinjirove- 
inents on the original method. We shall only mention the most 
important of these advances. From the outset attention had been 
directed to making the images as lasting as possible by protecting 
them from friction and from the ulterior action of light. M. Dumas 
proposed covering the plate with varnish, by pouring on the surface a 
boiling solution of one part of British gum in five parts of water. 
Mention must also be made of M. Fizeau s fixing with chloride of gold. 
After having carefully washed the plate in hyposulphite of soda, M. 
Fizeau poured over the whole surface a mixed solution of chloride of 
gold and hyposulphite of soda, then he heated the plate underneath with 

^ The solvent action of hyposulphite of soda had been discovered by Sir John 
Herschel in 1819. The introduction of this salt for fixing was long subsequent to 
the discovery of the daguerreotype. 
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a powerful lamp ; gradually the image more grew distinct, and after 
one or two minutes came out very strongly. Tlie thin coating of gold 
which covered the pioof, by strengthening the tones, protected the 
picture from accidental changes. Pagin rrc’s process required, as 
have seen, a rather long exposure, on an average a quarter of an Ijour 
to the sun's rays. Attention was naturally directed to reducing this 
time, which on many accounts, limited the employment of tliemetliod. 
For portraits of living people and animals, or for moving olyects, it wa ^ 
very important to solve this problem, which was in fact to dis(‘over 
compounds more rapidly impressible than iodide of silver. Several 
were found, and they were called accelemtnij suhstanvpH, bi'cause they 
aided the action of the iodine. 

Tn 1840 Goddard, and in 1841 Claudet, found that the iodi/ed ])hito, 
exjiosed to the vapours of bromine, gained consideraldy in &ensiti\e- 
ness. After attaining a rose tint under the influence of these vapours 
the plate was again exposed to the vapour of iodine, until the suiface 
had gained a violet tint. Among tlie accelerating substances since 
employed we may mention chloride of iodine, several preparations of 
bromide of iodine, of chloro-bromido of iodine, and several solutions 
known as Hungarian liquid, German liquid, some used without the 
aid of iodine, whilst others acted only in the wake of this chemical on 
the surface of the silver plate. Thanks to this increase of sensitive- 
ness in the sensitizing substances, the processes in luhography (by 
this name Niepce from the first designated his method j were much 
more expeditious. Views and portraits were taken in a few seconds, 
and even the direct rays of the sun were dispensed with ; dillused 
light sufficed for obtaining proofs, less vigorous certainly, but for that 
reason more harmonious and more ai-tistic. The improvcmients made 
in cameras, and in optical apparatus, which will be described, have 
also contributed to this advance. 

Before passing to the description of the photogra})hic processes which 
were gradually substituted for those of the first inventors, let us 
return to the scientific physico-chemical interpretation of the pheno- 
mena we have been studying. We have nothing to say on the purely 
optical side of the phenomena; the formation of the images at the 
focus of the dark chamber has been completely explained in the 
chapters devoted to the phenomena of light and their laws, and to 
optical instruments, properly so called. But what takes place on the 
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surface of the i)late ? How are the images formed ? What is the 
mode of action of the light, and liow do the images, invisible at first, 
though formed, become visible in all their details ? 

We have already seen that the result of exposing the silvered 
])late to the vapours of iodine is the formation of a chemical compound, 
iodide of silver. It is this compound which clovers the originally white 
surface of the metal with a tint which varies, according to the thick- 
ness, from straw colour, golden or orange, red and violet to blue. Let 
us remark, to begin with, that this phenomenon of colouring is not 
due to the colour of the iodide of silver, which is pale primrose, but to 
an action in wliich the interference of the rays of light plays the prin- 
cii)al i)art, as we have seen in the chapter in the Forces of Nature 
dealing with the colours of thin plates. M. Dumas lias measured 
the weight of the coating of iodine formed on the surface of a 
daguerreotyjie plate, and he has made an approximate estimate of tlie 
tliickness of the coating itself. This summary is so curious that we 
will quote from the celebrated chemist’s account : — A plate of 5760 
square millimetres in surface having been brought to a straw-coloured 
tint by exposure to iodine vapour, was placed on a very delicately 
adjusted balance, and the weight exactly ascertained ; there was a 
decided inciease of weight, but it did not amount to half a milli- 
gramme. When the shade deepened to golden, the w^eight increased 
to the half milligimiime. lly prolonging the duration of the action 
of the iodine vajiour beyond the necessary time, by quadrupling it, 
for exainjde, I olitained very appreciable effects in the balance : an 
increase of two milligrammes in weight. I supposed the quarter of this 
quantity would have sufficed to give the whole surface sufficient iodine 
to produce the image. But on calculating the weight of iodide of 
silver which this iodine represents, and the volume of iodide cor- 
responding to this weight, the thickness of the coating of iodide of 
silver deposited on the surface of the plate is andved at. It amounts 
to less than the millionth part of a mitlmetreJ' 

When the metal plate, covered with iodide of silver and bromide 
of silver, has been submitted to the action of the accelerating sub- 
stances, what happens when it is impressed by the light ? What 
influence have the waves of light on the sensitive coating ? On this 
})oint opinions differ. Accoi*ding to M. Dumas, whose opinion was 
circulated when Daguerre’s discovery was made public, the action of 
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light is purely mechauical, its effects being to lift or split the coating of 
iodide of silver, and thus to allow the mercury to come in contact with 
the metallic silver, while the iodide that had not been split would 
remain impervious. On examining with a microscope the mercurial 
coating deposited after the third operation, tlie ctdcbrated chemist 
found it to be composed of very irregular granules of mercury 
(their diameter averaging the 800th part of a millimetre). The 
white, or luminous purls, were covered with these granules; the 
shadows had scarcely any ; whereas the half tints were less covered 
than the lights : in short the granule's of nu'rcury were deposited 
in quantities proportioned to the erosion of the iodide of silver. 

Other mvants think differently According to them the iodide of 
silver, under the action of the luminous waves, is partially decom- 
posed ; it is transformed into sub-iodide, which, in contact with proto- 
iodide of mercury, gives us red iodide and metallic meicury. Accord- 
ing to this theory, which was propounded in 184:1 by Messrs. 
CJioiselat and llatel, the lights are tu'oduced by a very thin dust of 
amalgam of silver sinqdy dejiosited on the jdate ; these lights are 
brilliant in proportion to the amount of silver in this dust ; tlie 
shadows are the result of a vc*ry scattered deposit of silver, mecbaiii- 
cally mixed with a diluted wash of mercury.*' 

Whichever may be the true theory, wdiether the granules are 
formed of amalgam or of metallic mer(*ury, this deposit on the sur- 
face of the plate forms a very unstable compound, and, in either 
case, there is the same necessity for protecting it from external 
disturbance. Hence the importance of the gilding opei*atioii, which 
was obtained for daguerreotype i)roofs, as we have seen, by the 
deposit of a thin Iranspareiil coating of hyposulphite of gold. 
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CHAPTER VII. 

PHOTOGRAPHY ON PAPER AND ON GLASS. 

§ I. — Photography on Paper. — Talbot’s Invention. — Rlancquard- 

Evrard Processes. 

As the names of Niepce and Dagneiro are associated with the first 
invention of photopfraphy on metal jdates, so those of Talbot and of 
Blanccjuard-Evrard characterize the discovery of photop^aphy on 
paper : Niepce and Talbot ^ having the glory of conceiving the idea ; 
l)ap:nerre and Blancqnard-Evrard of having practically realized and 
perfected the process of the original inventor. 

Less than two years had elapsed since Francois Arago and Gay- 
Lnssac had made their reports in the Chamber of Deputies and in the 
Chamber of Peers on the invention of the daguerreoty2)e, when a 
letter from an English scientific man, Fox-Talbot, read at the Academy 
of Sciences by Biot, explained the processes he had discovered for 
reproducing images directly on sensitized paper. According to this 
communication Talbot’s process is as follows : — 

With a solution of nitrate of silver in pure water wash one of the 
sides of a sheet of paper, previously marked to recognize it, and then dry 
gradually. After this plunge it for two minutes into a solution of iodide 
of potassium. By mixing a solution of nitrate of silver with a solution of 
gallic acid and a small quantity of acetic acid, gallonitrate of silver is 
formed, in which the iodized papier must be washed. The paper thus 
saturated is then plunged in water and dried with blotting paper, and 

^ Niepce and Talbot, in Jime 1839, six months previous to the publication of the 
daguerreotype process, read a paper before the Royal Society, giving an account of 
a process of photographic printing vhich is similar in its main outline to that prac- 
tised at the present time. 
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we have thus obtained calotype paper. It is placed at the focus of the 
camera, one minute suffices to imprint the image, which appears with 
all its details, when, after having washed the paper in the gallonitrate of 
silver, we warm it gently before the fire. To fix the picture it must 
be moistened with a solution of bromide of potassium, and again waslied 
and dried. Drawings fixed in this way remain transparent, and they 
may be copied on another sheet of calotype paper, which is pressed 
against the picture and thus exposed to the light.'' 

In this process we find the same pliysical principles ns in those 
of Niepce and Daguerre. A sheet of paper is covered with a sensitized 
coating impressible to the light; it is submitted to this influence at 
the focus of a camera. Still invisible when removed from the camera, 
the image requires the action of a special substance, of an operation 
which will develop) ^ it ; finally, to preserve it from causes of ulterior 
destruction, a last operation is necessary, that oi fixing. 

All the subsequent photographic processes, and they are nunibcr 
less, are based on the same principles and necessitate the same 
fundamental operations. 

In what particulars, then, did Talbot, who at first furnished ])roofs 
in many points defective, show an advance in the new art ? In this. 
Daguerre's plates were heavy and expensive, embarrassing when travel- 
ing, and awkward in manipulation. Besides, the image, notwithstand- 
ing its admirable accuracy and tl)e finish of its details, has a dazzling 
reflt*ction, which makes it difficult to examine ; one can only see it 
under certain conditions of light. Moreover, one proof is the only result 
of the operation, which must be recommenced as often as fresh copies 
of the same object are required. On all these i)oints, but especially 
on the latter, that of reproducing copies from tlie same proof, the 
process of Talbot showed a considerable progress, and this progress 
was practically realized in a few years. 

First, M. Blancquard-Evrard, of Lille, succeeded, by improving 
on Talbot’s process, in obtaining more and more perfect proofs on 
paper, and while improving the results, he found means of succeeding 
almost without failure, a thing which could not be said for the process 
described above. Let us succinctly describe liis method. 

* The development of images by gallic acid and nitrate of silver was the dis- 
covery of the Rev. J. B. Reade, from whom we may suppose Fov-Talbot borrowed 
it for the autotype process. 
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Like Talbot’s process, this method embraces two principal opera- 
tions : first, by the aid of the camera, a negative proof of the image is 
obtained, that is to say, an inverse image ; the lights being represented 
by shixdows, the sliadows l)y UghtSy and all the half tints by mixtures 
in the exact proportion of the extreme tints. By help of this negative 
are taken positive ])r()ofs, in which the image resumes its normal 
appearance ; and these ])roofs can be afterwards obtained in an iiide- 
fiiiite number. 

The negative is obtained on sensitized paper, and it was chiefly in the 
prej)aration of this paper that M. Blancquard-Evrard made improve- 
ments. Instead of only covering the surface with the sensitized 
coating, he impregnated the whole thickness with iodide of silver ; 
placing the still moist sheet between two glasses, he exposed it at 
the focus of the lens. The ])aper was obtained in the following 
manner : — 

Some very compact, thin, even and well-made paper was chosen, and 
})laced with one of its surfaces on a solution of nitrate of silver, 
taking care that tlie other surface should not be moisbuied with the 
liquid, and that the contact should be complete without the inter- 
position of air bubbles. After some minutes the sheet was stretched 
on a glass, the damp side uppermost, and left to dry in the dark. 
The dry pai^er was then immersed in a solution of iodide and bromide 
of potassium, xvhcn, a double chemical decomposition taking ])lace, 
two impressible substances, iodide of silver and bromide of silver, 
w ere simultane<uisly formed, and penetrated the wdiole thickness of 
the pa])er. 

By employing tlie photogenic ])a]»er wdiilst still moist tlie image is 
impressed rapidly (an indisj)ensable recpiisite in rejn’oducing animate 
objects, especially portraits). The dry paper requires a longer 
exposure to the light: it is useful when travelling, for securing view's, 
landscapes, monuments, and so forth. 

The paper when taken from the camera showed a blank surface 
like the daguerreotype plates. But here the developer is a solution 
of gallic or j^yrogallic acid, in which the sheet of paper is plunge!. 
This organic acid reduces the iodide of silver wherever the light 
has made an impression, and the parts thus impi'essed are covered 
xvith a dark tint of metalic silver, distinct in j)roportion to the action 
of the light. The proof is therefore negative. To render it unchange- 
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able under the action of light, it is washed in a solution of hyposulpliite 
of soda, or in a hath of bromide of potassium ; the iodide of silver 
w hich has not been decomposed is thus carried off, and the image is 
fixed. 

By help of the negative image thus obtained a positive proof can 
now be produced, by a process analogous to that originally used by, 
Niepce in copying engravings. The negative jiroof is soaked in wax, 
so as to render the j)ai)er translucid, or even transparent. This proof 
is then placed on a sheet of sensitized paper, and the two sheets, 
between two glasses, are then exposed either to the direct rays of the 
sun or to the diffused light of day. Under the inllueuce of the light 
the sheet of sensitized ])a])er is iinjiressed with a i)ositive image, 
invisible at first, but develoi>able by gallic iicid as before. 


§ II. — Pii()TO(iUAPiiY ON Albuminizp:i) Glass. 

1 holography on ])a])er became rapidly po])ular, and if the juoofs 
lacked much of the delicacy of the daguerreot)])e plates, and if minute 
detail was absent on account of the giain and of the fibrous texture 
of paper, the new pictures were, on the other hand, more ajjpreciated 
by artists. Moreover, in this second phase of the art, im})iovements 
cropped up with astonishing rapidity. 

Proofs were made on waxed or gummtHl jia per with a surface so 
highly ])olished that the most delicate details could be reproduced. 
But soon a new discovery, made by a nephew of Niepce, M. Niepce de 
Saint-Victor, opened up a new path for photography, which is still 
the one most generally followed. Instead jof taking a metal plate, 
like Daguerre, or a sheet of paper, like Talbot and Blanccpiard-Evrard, 
for the deposit of the sensitized coating, M. Niepce de Saint-Victor 
succeeded in depositing the sensitive compound on a highly polished 
plate of glass, and producing on it a negative proof. The transparency 
of the glass, its durability, the polish of its surface, its cheapness, all 
these advantages have by degrees induced photographers to substitute 
it for the metallic plates of Daguerre, and for the sensitized paper. 
Before arriving at the process most generally adcjited at the present 
day, which is photography on collodion, we will describe the process 
of M. Niejice de St.-Victor: — The sensitized coating with which he 
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covered the glass plate was formed of a liquid composed in the fol- 
lowing manner : albumen, obtained by beating white of egg to the 
consistency of snow ; iodide of potassium, I per cent. ; water, 25 per 
cent. The glass, covered with a very even coating, is put to dry in the 
dark, and this requires nearly a whole day. It is then immersed in 
a solution of aceto-nitrate of silver, and a plate is ready prepared to 
the action of the light. From fifteen to thirty seconds are a sufficient 
exposure. 

The negative proof being thus obtained, we take positive proofs 
from it, as described above. These proofs being on paper, we again 
have the inconvenience of the grain, but with this considerable 
diiference, that, the positive proof alone being taken on it, tlie delicacy 
of contours, features, and shades is less damaged, the negative picture 
being perfect in all its details. Again, noUiing prevents our avoiding 
this inconvenience, by taking the positive proofs on albuminized glass. 
This is done more particularly for stereoscopic pictures, transparency 
being essential in using the stereoscope with transmitted light. 


§ in. — PHOTOnRAPHV ON COLLODION. 

Sclioenbein discovered iu 184G a substance which attracted a 
large share of scientific and public attention. It was thought for a 
time that this substance, known as gun-cotton, or pyroxyline, would 
entirely replace ordinary gunpowder. Pyroxyline is prepared in a 
very simple mannci, by steeping carded cotton in nitro-sulphuric 
acid, washing it in water and drying it iu the air. It is soluble in a 
mixtui’e of alcohol and ether. 

This solution, which is used in surgery and medicine, is named 
collodion. An English photographer, Mr. Archer, suggested, in 1851, 
the substituting of collodion for albumen in preparing the glass 
plates for the negative proofs. Albumen and collodion play the 
same parts ; but the pictures made by the latter process require even 
less exposure, and the effect may be produced almost instantaneously. 
Hence the possibility of reproducing views containing animate 
objects, of seizing the rapidly-varying expressions of physiognomy in 
portraits, of representing bodies in motion — clouds scudding before 
the wind, the waves in a rough sea, and the like. The processes in 
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collodion photography have been varied in a hundred ways : in 
describing what is required in one of these we shall have elucidated 
all the others. But we must repeat that here, as in the daguerreotype, 
as in photography on paper and on albuminized glass, we omit all 
details of the manipulation, although they are of the highest im- 
portance, for they are frequently indispensable conditions of success. 
As it is not our intention to make this even an abridged manual 
of photography, but to make the physical principles of this widely- 
practised art clear, we merely give the formula of normal collodion as 
prepared before the addition of those substances which contri))ute to 
the production of the sensitized coating, and which is as follows : — 


Eectified sulphuric ether 

GOO 

l^yroxyline 

12 

Alcohol at 40° . . . 

aoo 


The iodized licjuid is an alcoholic solution of thi‘ iodides of potas- 
sium, cadmium, and ammonium, and of the bromides of the same 
metals. To this is added a fragment of iodine. Tin* liquid formed of 
the mixture of these two solutions is, like the albumen, allowed to 
coat a well-cleaned glass. Just before the coating is dry, the glass is 
plunged in a bath of nitrate of silver. The formation of iodide and 
bromide of silver which ensues produces a whitish, oj)aque film, which 
is sensitive to light ; hence this operation is always pei formed in a 
room which is glazed with yellow or r(*d glass, the blue and violet 
rays being those which are generally photographically active. The 
glass is then placed in the slide of the camera, and it can now be 
operated on — that is, ex})Osed to the action of the light. In a few 
seconds, the impression is produced, and it only remains to submit 
the proof to the operations of developing and fixing the image. Tlie 
former is accomplished by an acid solution of protosulphate of iron 
or pyrogallic acid, and the latter with hyposuli:)hite of soda or cyanide 
of potassium. 

If a collodionized plate prepared as above be washed and be then 
coated with albumen, it may be dried and exposed in the camera even 
months after preparation. This is Taupenot’s process with dry collodion. 

Having obtained the negative proof, we proceed, as before de- 
scribed, for the positive proofs. 



304 


THK APPLICATIONS OF PHYSICAL FORCES, [book hi. 


§ IV. — The OnjcAL Apparatus employed in Photography. 

Now that we have given an idea of the principal methods of 
photogiTilipy wliich have succeeded each other since the invention of 
Niepce and Daguerre, it will be well to revert to a point common 
to all, and to enter into some details on the optical apparatus — 
namely, on the aiTangeinent of the camera obscura with its most 
important accessories. 

The camera obscura, ordinarily called a camera, is in its simplest 
form composed of a rectangular wooden box, formed of two or more 
compartments resting on a sliding board. This enables the box to 
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be lenfjtliened or diininislied at will in one direction, (’ameras are 
now frequently made on the principle of bellows, avoiding the 
necessity of the different compartments of the box. 

In front is an opening, AB, carrying a tube, holding the object- 
glass. In this are airanged the glasses or lenses destined to produce 
the image of the objects to be photographed. The back of the 
camera is arranged to receive in a groove the frame G, which holds 
the sensitive plate on which the light is to impress the image. 
Before admitting the light, however, to the sensitized surface, it must 
be ascertained that the image is well in focus. This the operator 


CHAP, m] PHOTOGRAPHY ON PAPER AND ON GLASf^. 305 


efifpcls by first placing in the frame a ground glass, on the surface 
of which the image can be seen. If this image be not clear, 
the ground surface of the glass is not in focus ; and the defect must 
be corrected by moving the sliding sides of the camera, either lengtli- 
ening or diminishing the distance till the exact focus is found ; this 
is called ** focussing the image,” a similar operation to that which we 
have described for the lenses of telescopes and microscopes. 

The clearness of the image depends on the quality of the object- 
glass, which should be achromatic, and without spherical aberration. 

Figs. 220 and 221 give sections of two different forms of object- 
glasses, some simple, others compound. The simple object-glass 
often requires a dia])hragm in front of it having a small opening. 
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Tlie quantity of lif^lit passing through a uanw opening bring limited, 
this object-glass sometimes requires a prolonged exposure. It is 
used more especially for views, landscapes, &c. 

The object-glass with a combination of lenses (Fig. 221), and with 
the diaphragm placed between them, permits the entrance of a larger 
quantity of light ; it is employed, in preference, for portraits, because 
the exposure required is not so long. 

In daguerreotypes the image was reversed on the plate, so that 
the right side appeared at the left, and vice versd. To obtain a direct 
image, either a total reflection prism, or a mirror inclined at 45°, was 
adjusted to the object-glass. This precaution is not required in 
photography on glass, because it is the negative jn-oof which is 
inverted and symmetrical, and by turning it to obtain the positive 
proof, the latter is found to he in the normal position. 
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In the first years which followed Daguerre’s discovery, the ablest 
operators, in spite of the most careful manipulation, frequently failed, 
and seldom obtained proofs possessing the clearness of the image as 
seen on the unpolished glass. At first, this was supposed to result 
from the difficulty in making the surface of the plate coincide accu- 
rately with the unpolished surface of the glass. A photographer, 
M. Claudet, sought to remedy tliis inconvenience, aud he succeeded. 
But the result was contrary to his expectation. The proofs obtained 
were still confused and ill-defined. Alter fresh researches, he dis- 
covered the cause of non-success : it was, that the focus of the visible 
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Fjc.. 221. -Complex object-glass VI ith ad)usting lens 


rays of light does not coincide with that of the chemical rays — the 
photogenic focus. And this difference depends on the nature of the 
glass employed, the distance of objects, and the intensity of the light. 
The problem has since been practically solved by opticians, who 
construct object-glasses in which the photogenic and visual focuses 
coincide. When the object-glass of an apparatus has not this pro- 
perty, it is important that the photographer should study it with 
care, and, by multiplied attempts, succeed in finding the exact 
position of the frame in which the image on the rough glass will be 
found to coincide with the chemical focus, so as to produce the most 
accurate image possible on the sensitized glass. 

We have said nearly all that is necessary, in a scientific point of 
view, on this interesting application of physics and chemistry to the 
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art of drawing. We have still, however, to mention a series of dis- 
coveries, recently made in the domain of photography, which liavc an 
interest for physicists and artists. 


§ V. — Phutoguaphy with Aktificial Light. 

Heliography, as we have seen, is founded on the proi)erty of the 
rays of light to affect chemically those substances said to be iiiijjres- 
sible or sensitive; it is the chemical radiation of the sun either 
directly or in the light of day — that is, diffused solar light — whicli 
has these photogenic properties. Put the question was sof)n raised 
and soon settled by physicists and photographers, whether the sun’s 
light could not be replaced at need by other light more or less 
intense. 

The electric light, from its powerful intensity, claimed the first 
attention. Its colouring power on chloride of silver had long been 
known, having been demonstmted by Bmnde soon aft(*r the discovery 
of the voltaic arc by Davy. M. de la Kive stated Liter that it acted 
on daguerreotype plates, and this savant obtained the imago of a 
plaster bust, illuminated )iy the dazzling light of electricity. The 
application of this source of light to photography is now i)ractically 
in use, as we find by the following notice, vhich we quote from Zcs 
Mondcs of October, 1806 : — '‘Mr. Woodbury, of Manchester, continues 
to employ, in the iwoduction of jdiotographic negatives on gelatine, 
the electric light produced by Wilde's machine. This light, produced 
between the iioints of two pieces of carbon, is surrounded by nega- 
tives which it must jicnetrate to inqu’css the gelatine; and we 
mainUiin that the reliefs on gelatine obtained with the electric liglit 
are better defined than when obtained with sunlight or daylight.” 
This notice evidently relates to a process of heliographic engraving 
which we shall mention later ; but what follows relates to the jiro- 
duction of I’eal photographic negatives : " Messrs. Saxon and Co., also 
of Manchester, use now, exclusively, Wilde's electric light in enlarging 
photographs. In possession of an artificial light which shines day 
and night, they are enabled to undertake to enlarge, in twenty-four 
hours, the negatives entrusted to them.” 

This light is however veiy costly. In the rare cases when photo- 
graphy at night is necessary, a preference is given to the light 

X 2 
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produced by the combustion of magnesium. The invention of magnesian 
lamps by Sir David Brewster and the improvements which were made 
in them by M. Le Eoux, in mixing zinc with the magnesium, have 
facilitated the application of this artificial light to photography. 
Engravings, busts, and statues were first attempted, and thus was 
recognized the photogenic value of the magnesian light, which more- 
over is less costly than the electric light. 

By this method, inanimate objects may be advantageously repro- 
duced ; but, in an artistic point of view, the effect is unsatisfactoiy on 
account of the necessarily exaggerated contrast of light and shade. The 
photographic portraits by magnesium have a cadaverous appearance. 
On the other hand, we have obtained images of objects which would 
otherwise have escaped the photographer’s art; for example, the inte- 
rior of one of the pyramids of Egypt, and of the celebrated caverns of 
Kentucky, known as the Mammoth Caves ; the magnificent stalactites 
of those subterranean rocks have thus been reproduced with the 
utmost fidelity. Subterranean curiosities, like the catacombs of Rome, 
and those of Paris, have also benefited by this mode of illumination. 

Other aitificial lights have been tested, w’ith more or less success, 
for the production of photographic images. Such are the lights pro- 
duced by the combustion of a jet of oxyhydrogen gas, projected 
on to solid fragments of refractory matter : lime, magnesia, zirconium, 
chromium. Van Monckoven has obtained enlarged proofs on 
collodion or on paper, in a space of time varying from one to three 
minutes, by the light of the gas blow-pipe projected on a mixture of 
titanic acid, magnesia and carbonate of magnesia. It is not, after all, 
so much the luminous intensity of the source which is favourable to 
the reproduction, as the quantity of chemical rays emitted. 

§ VI. — Eniarged Proofs. — Microscohc Photography 

It is evident that by projecting, with Ihe aid of a solar microscope, 
the image of a photographic proof on a sensitized surface, an image 
will there be formed with all the details of the original enlarged. If 
this be done with a negative, the result wull be a positive ; but an 
enlarged negative may also be obtained, and as many positives as are 
required may be obtained by the ordinary means. This last process 
is much more expeditious, and is as follows : — 
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First we obtain, from the negative a positive of the same size 
This we submit to the amplification of the solar microscope, so that 
the enlarged proof is a negative. This proof is obtained on a collo- 
dionized glass, which has been sensitized by the usual processes. 
When exposed and fixed, the negative proof, enlarged to the required 
size, supplies positives. In this way the enlarging optical apparatus 
is only used once, and the rapidity of this method is very great. 

The difficulty in the enlargement of photographic proofs consists 
in rapidly obtaining very clear proofs undistoited and preserving the 
vigour of tone of the proofs obtained in the first instance. At first, 
enlarged photographs were very unsatisfactory in these respects ; but, 
by perseverance, they have been brought to wonderful perfection. 
At the Universal Exhibition of 1867 might be seen a magnificent 
full-length portrait, and an enlarged view of Amiens (cathedral, 
which, composed only of four pieces, measured no less than two 
metres in width and two and a half in height. Applied to astronomy, 
we shall see that this method of enlarging, in the hands of able and 
scientific operators, has produced remarkable results. 

The importance of this process — not so much for ordinary views 
and portraits, as for the reproduction of objects whose multiplied 
details escape the pencil of the most patient and talented artist — will 
be understood. The wish of Arago, with regard to Daguerre's inven- 
tion, that faithful reproductions might be obtained of the thousands of 
hieroglyphics covering the monuments of ancient Egypt, is realized 
at the present day, thanks to the enlarging process in photography ! 

If the image, some centimetres in diameter, of a body like the 
moon, may thus be transformed into a proof of a metre or more in 
diameter, enabling us to study at leisure the orthographic configuration 
of our satellite, liow much more precious is the enlarging method for 
fixing the thousands of images of those natural objects which, by 
their minuteness, escape the eye ! To obtain this result, the clearest 
possible images of these infinitesimal atoms had to be produced. This 
object has been realized, and the result is an entirely new branch of 
the art , — microscopic photography. 

This new step is due, in a great measure, to M. Bersch ; who has 
invented the optical instruments necessary for the production of 
microscopic images, for their subsequent amplification, and the 
arrangements necessary for the different operations required in their 
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production. Others have contributed to improve these processes and 
to obtain proofs of great perfection ; we may mention, among others, 
M. Neyt (of Bnissels), Messrs, Bngron, Moitessier, Lackerbauer, 
Girard, in France. Every one knows those marvellous and imper- 
ceptible photographs, portraits, views, monuments, &c„ the size of a 
pin’s head, which, framed in the collet of a ring, or in any ornament, 
can be seen with a magnifying-glass in their natural dimensions. 
Adapted to the kind of magnifier already described fpage 236) as the 
Stanhope Magnifier, these little objects carry with them the micro- 
scope which enables them to be seen enlarged in every detail. A spot, 
hardly perceptible to the naked eye, becomes a whole page of a book 
which may be read as easily as the original. This charming inven- 
tion we owe to M. Dagron. 

This is, however, a mere object of curiosity and fancy ; but micro- 
scopic photography is not restricted to these miniatures of a doubtful 
interest. It is applied to useful reproductions, and it has found a 
wide scope in zoological and vegetable micrography. 

In presenting to the Academy of Sciences microscopic proofs of 
diatoms obtained wdth different magnifying powers, M. Girard thus 
expressed himself on the means he employed — means, identical with 
those of ordinary photography, with the sole difference, that the 
reproducing object-glass is replaced by a much smaller one, illumin- 
ated by solar light reflected by means of a plane or concave mirror, 
according to circumstances. A glass of a bluish shade is inter- 
posed to absorb a portion of the non-actinic light. When it fails in 
intensity, as wdieu deep object-glasses are used whose front lens is 
hardly a millimetre in diameter, it is necessary to have recourse to a 
condenser. 

Photomicography,*’ saysM. Girard, is a perfectly exact means of 
resolving the most difficult ; the linage obtained proves, in a 
manner not to be refuted, the value of the optic system of the micro- 
scope. It enables us, further, to catch distinct effects of light, other- 
wise unattainable ; interference and diffraction often give rise to 
remarkable combinations.”^ 

The same author has made another application of microscopic 
photography by studying, with the aid of polarized light, the crystals 
of certain salts. 


^ Compita Rendiis ( 1809 ). 
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In medicine, in physiology, this branch of photographic ait has 
tendered valuable services. Dr. Ozanani has designed an apparatus 
which registers, photographically, the beats of the pulse in every phase ; 
he obtains thus an undulating line, which, when magnified, shows all 
the variations which are produced in the pulsation during the short 
interval of the liuiidred-thousaudth part of a second. 

To sum up, the innumerable forms discovered by the microscope in 
the domain of natural science, are permanently placed lielbre us by 
photomicograpby, and, by enlarging the 
proofs, we are enabled to study them at 
leisure and with ease. 

During the siege of Paris, this applica- 
tion of photography rendered service of a dif- 
ferent kind. It enabled the longest and most 
voluminous despatches to be reduced to a 
surface of a few square centimetres, and to 
be conveyed under the wings of carrier- 
pigeons from the provinces to l^aris. The 
organization of this microscopic post was 
commenced at Tours under the direction of 
a photographer of that town, a M. Blaize. 

The reduced proofs were first made on paper ; fio 222 --Mirr(>Rp/)pio pimti 

, , - , I'noRinult* ol a ilespatch w'lit to 

two pages ot print were condenseii on each p«iiaduiiiigfh( .uko 
side of the slieet; but the grain in the 

paper limited the fineness of the text, and besides, the time for 
exposing it (in winter) was considerable. Hence the system wliicli 
M. Dagron, who was sent from Paris to Tours by balloon, pro- 
posed to the Delegation, was preferred (end of November 1870). 
This photographer operated on thin pellicles of collodion, very light 
and sufficiently sensitive to need only two seconds exposuic instead 
of two hours. He thus desciibes his method : — 

“ Each pellicle was the reproduction of twelve to sixteen pages in 
folio of print, containing on an average, according to the type, three 
thousand despatches weighing together less than half a gramme. The 
whole series of official and private despatches made during the siege of 
Paris, numbering about one hundred and fifteen thousand, weighed 
one gramme. One single pigeon could have easily earned them. If 
one jnultiplies the jiumbej: of despatches by the number of copies 
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furnished, the result will be more than two million five hundred thou- 
sand despatches produced during the two worst months of the year. 

The pellicles were rolled into a quill which was tied by agents of 
the administration to the pigeon’s tail. Their extreme suppleness and 
complete imperviousness adapted them for this service. My dry prepar- 
ation has, besides the triple advantage : of being got ready in one ope- 
mtion, of having a uniform surface, and of not separating from the glass 
on the appearance of the image ; it is worked with perfect security 
and it is not exposed to the mischances of the ordinary processes ” 



Fio 228 -^EnlarRing and reading the nih iosio]>ic deMpatches during the siege of Paris 


When the microscopic despatclies had reached Paris, they were 
submitted to the operation of enlarging, and projected, by a solar 
microscope, illuminated by the electiic light, on a white board. There 
a copy could be taken of their contents. The transparency of the 
collodion films facilitated this projection, and the text was read with 
ease. This was assuredly one of the most useful and ingenious 
services which physical science and the art of photography could 
furnish, though unfortunately too late, towards the national defence. 
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CHAPTER VIU. 

HELIOGRAPHY — PHOTOLITHOOEA PHY. 

§ I. — Different permanent Processes with Carbon and 

Printing Ink. 

Whatever process may be employed for fixing dagueixeotype or 
photographic proofs, it is certain that they do not possess the per- 
manency given by the ordinary impiession made with almost inde- 
structible printing inks. Any photograph can be reproduced almost 
indefinitely by printing, and thus increasing the chance of preserving 
the image obtained ; but each positive proof may be deteriorated in 
the long ruu, and its clearness impaired under the prolonged 
influence of light ; and finally, sup]iosing this problem of permanency 
be solved, there would still be, in the printing of positives, vast differ- 
ences between the typographic and lithographic printing of engravings, 
both as regards cost and time. 

It is not to be wondered at then that, from the first, this difference 
has been fought against, by endeavouring to transform the photographic 
proof into a real engraving block in relief or copper plate, or litho- 
graphy. This was the problem pursued by Niepce, from his earliest 
labours, and which numbei’s of artists and men of science have since 
tried to solve. We will glance at the principal methods adopted, 
and the results at which they have arrived. 

About 1841, M. Fizeau tried to reproduce the images on Daguerre’s 
plates by electroplating : the copper deposited by the galvanic pile 
moulded itself on the surface and represented the reliefs inversely, 
that is to say all the points to which the mercury had spread formed 
the lights. By using this mould to obtain an inverted proof, the 
plate itsdf was reproduced, and it only remained to print it by the 
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ordinary processes. Unfortunately, the reliefs were so slightly pro- 
iK)unced that the images reproduced were very confused. 

Messrs. Berres and Donn^ then tried to obtain blocks by attacking 
the daguerreotype plates with aqua fortis. Mr. Grove combined the two 
foregoing methods by subjecting the plate to one of the elements of 
a voltaic combination which acts unequally on the two metals, silver 
and mercury. 

M. Fizeau at length designed a process which transfonned daguerre- 
otype plates into copper-plate engravings. He operated quickly 
on the image with a mixed acid composed of nitric, nitrous, and 
hydrochloric acids : the light spaces remained intact ; the dark 
were affected, and an adhesive chloride of silver was formed, which 
arrested the action of the acid. This coating was dissolved by a 
solution of ammonia, and the action of the acid continued. To 
obtain more depth, M. Fizeau gilded the raised parts, which were 
thus protected from subsequent action of the nitric acid. Silver not 
being a hard metal, and consequently only bearing a limited amount 
of printing, the block was coppered by galvanic processes (now, 
copper-plate blocks are faced with steel). 

These were certainly remarkable experiments ; but, as the 
primitive process of Daguerre was soon replaced by photography 
on paper and on collodionized or albuminized glass, the attempts at 
engraving daguerreotype plates were abandoned. 

Towards 1853, M. Niepce de Saint Victov obtained engravings 
on steel in the following manner : he covered the engraving block 
with the coating of an impressible varnish formed of bitumen, 
benzine, wax and sulphuric ether with a few drops of oil of lavender. 
To the plate when dry he applied a positive on paper or glass, and 
exposed both to the light, as in obtaining a proof. When the im- 
pressed plate had passed through oil of naphtha mixed with benzine 
it was submitted to a mixture of nitric acid and alcohol. The 
engraving was finished off with aqua fortis. 

Among the numerous processes since invented for printing off pho- 
tographic proofs with printing inks, we must cite the process invented 
by M. Poite^dn, called the carbon process. We shall only briefly indicate 
the principle of it, and we shall dwell on the results alone, because 
this process is a part of the photographic art, nut, properly speaking 
|tn application of physics : it is rather an applicatiou of chemistry, 
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M. Poitevin describes his process in the following terms : 

** To reproduce by printing ink the counter proof of a photo-^ 
graphic drawing, on paper, lithographic stone, metallic substance or 
wood, we apply to the surface intended for the reception of the 
drawing, one or more coatings of a mixture in equal parts of a 
concentrated solution of albumen, tibrine, and gum arabic, and a 
concentrated solution of a chromate or bichromate with an eartlij' or 
metallic alkaline base not i>recipitating the organic matter of its 
solution. Generally the bichromate of potassium is used; after 
desiccation or before, if the impression has to be made in tlie camera, 
it is exposed to the light, and after the insulation, a uniform coating 
of printing or coloured ink is applied with a stopple or by a press ; 
the ink is washed off ; the ink only remains on the parts impressed 
by the light."' 

To obtain reliefs or depressions by the action of light alone, 
without employing the corrosion of acids, or the tool of the graver, 
in a word to produce blocks engraved by light alone, the inventor 
proceeds as follows : — He spreads on whatever surface he is using a 
uniform coating of a solution of gelatine impregnated with bichromate 
of potash. After desiccation, a positive or negative proof obtained 
by photography is placed on the coating and they are submitted to 
direct or diffused sun-light. The same plate can be exposed in 
the camera,^ if a view from nature is to be taken: after exposure 
the gelatine coating is immersed in water ; when all those parts 
which have not received the luminous iin])ression absorb this fluid, 
the gelatine swells and gives the reliefs, while the unimpressed parts 
which become very slightly moist, form the hollows. The reliefs 
correspond to the shadows of the drawing, and the hollows to the 
lights. 

By these means a block engraved on gelatine is obtained, which is 
afterwards transformed into a block on copper by the ordinary processes 
of electro-plating. 

The carbon process with printing inks only justifies its name by the 
printing off the proofs by the means of impression with printing ink. 
The permanence of the proofs is due to the use of tliis ink, into which 

' The exposure required renders this method of obtaining a photograph practi- 
cally useless. 




Flo ^24.— Far^siniile of a heltoimphic engraving. 


process is based on the properties possessed by some organic substances 
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(albumen, gum, gelatine) impregnated with alkaline bichromates, of 
being acted on by light and becoming insoluble. 

M. Poitevin’s invention was not so successful as he expected : only 
the strongest parts of the image came out well, the half tints were 
carried away, because, as M. Laborde discovered, the impressed coating 
was very thin and the gelatine coating underneath dissolved in water 
and carried away with it the lightest parts of the image. A French 
photographer, M. Fargier, found a means to remedy this inconvenience 
by developing the proof on the side of the gelatine opposite to the im- 
pressed surface. The Poitevin process has been much [improved ^both 
by himself and by other inventors and operators, and M Poitevin has 
applied it to lithography, and to typographic or copper-plate repro- 
ductions. To obtain a photographic image on stone, he operates as 
follows : — 

Some albumen or bichromate of potash is deposited on the grained 
stone, which receives, when dry, a negative photographic proof ; it is 
then exposed to the light. The stone is found to be acted on, so that 
the ink only adheres to the impressed parts, that is to those whidi 
correspond to the shades and half tints of the image. The printing 
off is continued, as for ordinary lithographic impressions. 

It will be apparent that it is the gelatine that receives the ink and 
not the stone, and hence not many prints can be pulled off the stone. 
To Sir Henry James, RK, and Major de Courcy Scott, of the Ordnance 
Survey, we are indebted for the first published method of practical 
photolithography, though about the same time Osborne in Australia 
brought out a somewhat similar process. Sir Henry James’s plan 
was to coat paper with gelatine, cover it with greasy ink, after exposure 
beneath a negative of a zinc engraving or map, and float the back of 
the paper on hot water. This caused the gelatine to dissolve and to 
carry aw^ay with it the ink from those spaces which ought to be white. 
After sponging carefully with a fine sponge to aid the operation, a 
perfect facsimile of the original was presented to the eye. This was 
then placed face down on a lithographic stone or on a zinc plate, and 
after pressure in the lithographic press, the greasy ink left the paper 
and adhered to the one or the other. Several other modifications 
have been made of this method, but another, which is due to Captain 
Abney, F.RS., is perhaps an improvement. In his process a positive 
picture is secured on gelatinized paper, the gelatine of which has 
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been hardened by the addition of chrome alum, and it is immediately 
placed in cold water. The gelatine absorbs water where the light has 
not acted, but refuses it in the other parts. 'When a roller charged 
with greasy ink is passed over the surface the ink adheres to the dry 
portions and leaves the moist parts intact. A perfect facsimile is thus 
obtained with a minimum amount of labour. A good transfer can be 
obtained five minutes after the positive print in gelatine leaves the 
printing-frame. The picture is transfeired to stone or zinc in the 
ordinary manner. 

Several processes for obtaining printing-blocks to be set up with 
type are extant. One of the most successful is tliat of Gillot. He 
transfers a true picture of an engraving in greasy ink to zinc and eats 
aw’ay the metal by acids, thus leaving the lines in relief. Another 
process which has been worked out by Captain Abney is dependent 
on the electrical action set up between two metals when one is 
deposited on the other in a fine state of division. He obtains a proof 
on a metal plate in resin which has become sensitive to light by a 
preparation of bichromate of potash, and which becomes insoluble in 
acids where the light has acted. He then covers the plate with a 
weak solution of nickel, platinum, silver, &c., from which these metals 
are deposited in a fine stale of division. It is then placed in a solution 
of chlorine, hydrochloric acid, or other solvent, and the lines are left 
in relief The use of the deposited metal consists in allowing a solvent 
of such a weak character to be employed that ordinarily it would not 
attack the plate; hence there is no undermining of the lines. 
Womerke’s method appears to be similar. 


§ II. llELlEF IMI’EBSSION. — WOODBUEy I’EOCESS. 

A curious process of heliography, derived from M. Poitevin’s, has 
been invented by Mr. Woodbuiy, who calls it relief impression. 
After having obtained on a thin film of collodion, covered v/ith 
bichromated gelatine, the reliefs and hollows arising from the unequal 
swelling in water of Uie gelatine under the influence of tlie light, the 
plate is dried with a gentle heat. The swollen parts in relief are the 
shadows of the image. This done, Mr. Woodbury submits the plate 
in relief covered with a plate of metal (a mixture of type metal and 
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lead) to the action of a hydraulic press. The reliefs of the gelatine 
sink into the metal. 

The metallic impression thus obtained is used in a printing process 
which is absolutely original. It consists in pouring an inky fluid 
(gelatine coloured with carbon, or otherwise) on the levelled metal 
plate and superposing a sheet of resinizod paper and submitting it to 
pressure in a heavy press. What is the result ? The sheet of paper, 
j)ressed by a plate of glass, drives the excess of ink to the edges of 
the mould, and the hollows alone remain filled. As soon as the 
gelatine is set, the paper, taken out of the press, carries with it the 
coloured gelatinous coaling The latter then forms on tlie paper a 
drawing in relief, which, however, diminishes as the gelatine dries. 
Wherever the gelatine is thickest, the tint is strongest, shading off* to 
white where there is no relief. 

It is impossible to give in detail an idea of the numerous processes 
of heliographio printing. Tliey are all ba-sed on the fact that chro- 
inated gelatine when exposed to light becomes non-absorbent of water 
in exact propoition to the intensity with which, and length of time 
for which, the luminous rays act. If a gelatine film, supported on 
glass per se, be exposed under a negative possessing lights and shades 
it will absorb water according to the density of different parts of the 
negative. When a soft lithogmidiic roller co^tted with greasy ink is 
passed over it while moist, the ink will adhere in proportion to the 
non-absorption of the water. A piece of paper placed over such an 
inked-in surface and pressed into it in a printing or lithographic press 
will take away an impressijn, giving the lights and shades in proi)er 
gradation. 

It is only fair to mention the names of some of the inventom — 
Baldiis, Nigi'e, Placet, Albert of Munich, Edwards, Du Gardin, Tessid 
du Motay, Waterhouse, JeanreUaud and ThiM. 

The results are certainly remarkable, but many of the processes are 
defective in one particular, viz., the difficulty of printing off a great 
number of impressioflB from the same surface. While this diffi- 
culty remains heliography will be incomplete ; it will be unable to 
mpond to the wants of artistic industry, and of the trade, which 
require a low price, and which is impossible while the printing-off 
remains circumscribed. With some more modern processes, such as 
those of Edwai-ds and Thiel, the defect does not exist, it lacing possible 
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to strike off several thousand copies. The only objection to be 
overcome is that of being able to pull off the impressions by 
machinery, and independently of the skill of workmen. When 
this is the case, these processes will be used for book illustrations 
more largely than they are at present. 


§ III. Chkomoheliogkaphv. 

In chromoheliography we have a problem, the solution of which 
is much less advanced than that of photographic engraving, but which 
has nevertheless been the object of interesting experiments. We here 
deal with the reproduction of colour in images with no intervention 
save that of light, hence this particular application of the photo- 
graphic art and of physics has been named chromoheliography. 

When we look on the screen of the camera obscura at the landscape 
which is there reproduced in miniature, all the objects represented are 
depicted as in a mirror, with all the variety of shades and colours 
with which they are clothed in nature. It is natural that the wish 
should have arisen to fix this faitliful image ; but how ? Does there 
exist a sensitive substance which not only can receive different im- 
pressions according to the colour of the luminous rays which strike it, 
but can retain this exact impression and give it to the eye the same 
as it was received ? 

This is the whole extent of the problem. It is far from being 
solved ; but what has been achieved in this direction encourages the 
hope that the solution is not impossible. 

In 1848, M. Edmond Becquerel announced to the Academy of 
Sciences that he had succeeded in fixing on a sensitive plate the solar 
spectrum with all its colours. ^ He took a silvered plate, on the sur- 
face of which he formed a coating of sub-chloride of silver by immers- 
ing it in a solution of hydrochloric acid, acted on by the galvanic pile. 
When the colour of the sensitized coating attained, for the second 
time, a violet rose tint, he submitted it to the light of a spectrum 
obtained by the aid of a lens. "The sensitized coating was then 
impressed with red on the red, yellow on the yellow, green on the 
green, blue on the blue, violet on the violet. The reddish tint turns 
to purple at the extreme red and even extends beyond the line A of 
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Fraunhofer; tlie violet tint continues beyond H, gradually becoming 
paler. On continuing the action of the spectrum, the tints darken 
and the image eventually takes a metallic gloss ; the colours have then 
disappeared.” 

The colours thus obtained could be preserved for some time in tlie 
dark; but they disappeared in daylight, and M. Becquerel could not 
succeed in fixing them. 

It is a curious thing that white comes out black on the j)late ; but 
by submitting the latter to a temperature of 80° to 100°, the wliite 
light produces a wliite impression. 

By placing a coloured engraving on tlie ctliloridized plate, M. 
Edmond Bec(|uercl also obtained the reproduction of the colours of 
the picture by a sufficiently long exposure to the solar liglit ; but li** 
had to interpose a screen of sulphate of ([uinine to ' pictuie a 

of^ the ultra-violet ravH ubi^*k i. , i • 

M. Niepce de Saint-Victor, improving on M. Beciiuerel’s method ol 
working, succeeded in reproducing the colours of ])iciures and even 
in obtaining black in conjunction with the other colours. The 
sensitized coating then reiiuires a particular preparation. 'J he blue- 
violet tinted surface is covered with a varuisli of dextrine and chloride 
of lead “ I have reproduced by contact,” he says, “ a coloured en- 
graving representing one of the French guards : the diflerent colours 
of the uuifom were reproduced ; the black hat, as well as one ot 
the gaiters (the other had been cut away and covered over with white 
paper), impressed the plate very distinctly, giving a more or less dark 
tint according to the preparation of the plate. The cutting-out showed 


white.” 1 

M Niepce de Saint-Victor also found that the greater or less 

concentration of the solution of the chloride u.sed in preparing the 
sensitized plate, influences the development of diflerent colours. With 
a weak solution, yellow comes most reailily ; by augmenting progres- 
sively the dissolved chloride, he ol.tained blue-green, then indigo, then 
violet; and finally the less refrangible colours, orange and yel ow, 
require the most concentrated solution. Anotlier interesting lesu is 
this : the metallic chlorides exercise an analogous influence, or rat ler 
1 depending on the colour given by each of them to tlie flame o 
alcohol. Hence, if ^ve add to-tlic solution a certain rjiiHUtil) 
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chloride of sodium, which gives a yellow flame in the alcohol, it will 
be the yellow which will be most intensely developed ; with the chlo- 
ride of copper it will be green, with the chloride of strontium it 
will be red. Unfortunately these results, which are most interesting 
in a scientific point of view, have not been of practical use in photo- 
graphic art. These colours given by the light only remain on the 
sensitized coating as long as they are in complete darkness ; they can 
only be hastily examined, and they vanish in the light of day. 
Every effort made as yet to fix them has failed. 

Among the attempts made in the same direction as that of M. 
Ed. Becquerel and M. Niepce de Saint-Victor, we may mention those 
of M. Poitevin, who obtained most of the colours of the spectrum, 
chiefly red, orange and yellow, on a paper charged with hyposulphite 
of silver, and covered over with a coating formed by a solution of an 

IV bichromate, mixed with a strong solution of sulphate of 
With the papei . r ui • 

• , ^ five per cent, of chloride of potassium, 

ng on glsss, the colours were reproduced; but they faded away iu 
the light. ^ 

Some investigators, unable to solve the problem in its iuteffrity 
have tried another plan. Inspired no doubt by the processe’s of 
chromolithography, they sought to obtain the colours separately 
the combination of which would reproduce the colours of the objects’ 
AJith three proofs, one of which would give red, the second yellow 
the third blue, they hoped, by superposition or union, to obtain the’ 
impound colours. Two photographers, Messrs. Cros and Ducos du 
Hauron. severally pointed out this solution ; but the latter alone has 

put It in practice, ffis process is thus described in M. Davanne’s 
Ptwtographic Annml ; — 

First of all three negatives are struck off, -one of which is to 
serve as the red positive, the second the yeUow, and the third the 
hue. “To make the blue negative, aU the simple and compound 
blue tots must be extinguished in the subject to be reproduced, 
that they may have no action on the sensitized coatings; for this 
toe proof has to be obtained through an orange coloured glass 
^ter a veiy long exposure, an image is obtained in which the 
blu^ have exercised a very feeble influence on the sensitive coating 
while the yellow is sufficiently prominent The proof representing 
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the red negative is obtained by extinguishing the red rays by means 
of a green glass. The yellow proof is obtained by the intervention 
of a violet glass. 

“These three negatives each serve to produce a i)Ositive proof, 
wliich may be obtained by the mixture of gelatine and bicliroiiiate of 
potash, with the addition of the necessary colouring matter, either 
red, yellow, or blue. The gelatine surfaces being prepared with trans- 
})arent colouring raattem, are printed under tlieir corresponding nega- 
tives. That obtained with the yue-violet glass is placed on the 
yellow film, and by washing, a monochrome yellow proof is obtained ; 
the negative obtained with the green glass is put on the red gelatine ; 
that which resulted from the interposition of orange-coloured glass is 
})laced on the blue gelatine. After exposing, developing, and drying 
the images, they are superposed, and give a coloai*ed proof with the 
whole series of different shades and tints/' 

The proofs obtained by M. Ducos du Hauron show the correctness 
of his theory as caiTied out in his j^rocess. It is tlierefore an interest- 
ing result, but it still leaves unsolved the j)robleni of fixing the 
colours. 


§ IV. — ArrLiCATioN of Piioto(JKAPHY to the Akts and to the 
Katukal and Physical Sciences. 

Such, in their most essential features, are the processes of this 
new art, one of the most original applications of the laws of physics 
combined with those of chemistry. Such are the chief advances 
made since Daguerre s time. We have only given an idea, be it 
understood, of the different methods which constitute practical photo- 
gi’aphy, by trying to connect them with the principles of science ; but 
there still remains much to be elucidated as to the reactions deter- 
mined by the influence of the luminous waves, and it is on physi- 
cists and chemists more than on professional photographers, however 
talented, that the task of dissipating the obscurity which still reigns 
on this point devolves. 

Photography, as it exists at present, has rendered the most eminent 
services to the arts and sciences. In a certain point of view it is an 
art which re<5[uires, in those who cultivate it, independent faculties of 
technical skill. The choice of subjects, in portraits as in landscapes, 

Y 2 
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the arrangement of pose, the study of the most favourable conditions 
of light for a really artistic reproduction, presuppose faculties which 
education may develoj), if the real feeling pre-exists, but wliich are 
not given to all photographers, however familiarised they maybe witli 
all the necessary manipulations. 

As to the services rendered by photography to the arts and sciences 
they are, we repeat, incontestable. Thanks to this discovery, the pro- 
ductions of art in eveiy country in the world are reproduced with an 
irreproachable fidelity. This is clearly evident in views of monu- 
ments of architecture, as well as in works of sculpture. All objects 
in relief present a clearness of detail, an accuracy of drawing, which 
engravings can rarely equal, and never surpass. Moreover, photo - 
graphic views of this description are the most useful auxiliaries to 
the draughtsman, the engraver, or the painter. It is not quite the 
same for painted picture'^, because the different colours have not the 
same i>hotogenic action on the impressible substances : thus the blues 
come out lighter, tlie yellows and greens are often black ; so that the 
reproduction of a painted picture, however satisfactory in drawing, is 
geneially mediocre as regards colour. Copies of this description have 
no less the charm of a fidelity wliich painted copies cannot equal 
as regards the drawing and the general effect. 

Facsimiles of ancient or rare engravings, of which the original 
blocks have disappeared or are w^orn out, are admirably reproduced 
by pliotograjihy, and, here again, this discovery renders and will 
still render signal services to artists and amateurs. The exceptions 
which we must make, in a purely artistic point of view, exist no 
longer if we pass on to the applications of photography to the 
positive physical and natural sciences. 

Geography, ethnology, anthropology profit most. The reproduc- 
tion of sites, of mountains, of their outline, of their relative posi- 
tions, that of towns, monuments, harbours, inhabitants of divers 
countries, their costumes, objects of every description, implements, 
w^eapons, &c., are henceforth secure from the unskilfulness of artists, 
the incorrectness, sometimes involuntary, sometimes wilful, of nar- 
rators and travellers, and they prevent all exaggeration, flattery, or 
calumniation. What a valuable resource, above all, for anthropolo- 
gists, who can thus collect the tine types of all the human races, and 
of their innumerable varieties. 
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Natural history, medicine, anatomy, and physiology are no less 
indebted to photography, through the infinite resources which it 
provides for their special study. 

Preparations which can only be preserved at a great expense, tlie 
true forms of vegetable, animal, or human anomalies, once fixed by 
light, with their most minute peculiarities, thus multiplied for science, 
will in the same way multiply the subjects for study by serving as a 
sound basis for the discussions of scientific men. Thanks to plioto- 
micography and the enlarging processes, an immense assistance has 
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been and will still be rendered in the study ot the animal and vege- 
table tissues, and of the infinitesimally Hiiiall cieatures revealed by 
the microscope. Wliat we have said for man and the Imman races 
may be repeated for the endless varieties of animal and veg(» tabic* 
life, which the most talented draughtsmen can doubtless delineate, 
but not without a great expenditure of time and toil. Besides, these 
very talented draughtsmen are rare. It is not e\ery explorer, every 
traveller in untrodden or unknown lands, who can pretend to possess 
this difficult art. Funiished with a photograijliic apjiaratus and the 
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necessary appliances, he can obtain, with a comparatively trifling 
expenditure of time and labour, a considerable mass of documents, 
which will have, beyond everything, this exceptional value, that the 
fidelity of the agent who has portrayed and fixed them, namely, 
light itself, cannot be questioned. 

Photography can pass from the infinitely small to the infinitely 
great. The celestial phenomena have come under its action — The 
.s 2 )ots in the sun, the mountains in the moon, eclipses, and the 
]»hysical ])eculiaritiefi which they have offered. The planets and starry 
('(mstellations have been attempted. All has not yet been said 

of the services which this won- 
derful art may one day render to 
astronomy ; but what has already 
been in this direction has 

been exaggerated, and, at any 
rate, the true role of astronomical 
photography, and the influence it 
may have on the progress of 
science, have not always been 
properly understood. We think, 
therefore, that it will not be out 
of place to define them more 
clearly. We cannot do better 
than quote verbatim what was 
said on this subject at a Conference, in 1868, by an astronomer, 
whose science and experience are only equalled by his modesty, 
the author of the Selenographie, the venerable Mapdler. 

Most of those who hear me,” said he, “ can remember that imme- 
diately after the discovery of photography such hopes were expressed 
as were only equalled by those of Descartes and his contemporaries 
after the discovery of astronomical glasses. They pitied the unfortunate 
men of science who had passed their whole life without interruption 
in observing, measuring, drawing. Not only were they going to 
do the same thing without trouble and in much less time, but they 
would obtain better results, more exact, and more in detail than 
heretofore. What has cost me seven years, the determination 
of the surface of the moon, was to be much better done in seven 
seconds. 
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" At the present day thirty years have elapsed since the discovery 
of Daguerre ; how have these ambitious hopes been realised ? 

" Warren de la Rue in England, William Crunch Bond in America, 
and others, have bravely put their hand to the work. Tliey have 
adapted powerful astronomical glasses to photographic aj)parutus, 
and they even succeeded in giving their apparatus, dining the short 
interval necessary for prodncing proofs, the same movement us the 
celestial bodies whose image they were t rying to see. Thus the moon 
has been photogi-ajihed in her different phases ; but the details have 
remained far below those to be discerned by an able observer. Bond 
devoted his study to the fixed stai-s, and he employed a telescojte 
capable of showing stars of the fourteenth magnitude ; but he could 
only obtain feeble and scarcely visible images of stars of the filth 
magnitude. 

“We might certainly allude to some very valuable drawings which 
we owe to astronomical jihotography ; but it is not the details of the 
starry sky that we can gain and preserve by this means : it is rather 
the phenomena presented by objects long known and giving a powerful 
light. 

“ I will first allude to the spots on the sun, the reju-oduction of 
which only requires a fraction of a second, and with a very accurate 
result. Yet, even in tliis instance, the details are far inferior to tho.se 
which can be reproduced by able observers accustomed to these 
phenomena ; but a very important jioint of its kind is gained, an 
image of the sun at a certain moment, and, if J may be permitted to 
use an expression of Sir John Herschel, the sun is forced to write for 
us his own history. 

“ These experiments will be, or, to be more exact, have already 
been veiy useful, particularly in total eclipses ot the sun. There is 
no draughtsman, however expeditious he may Ikj, who can do in two 
or thiee minutes — the ordinary duration of the phenomenon — what 
Warren dela Rue did in Spain on the last occasion of a solar eoli])8e, 
for, supposing all to have been prepared beforehand, one may obtain 
not only three, but twelve or fifteen images of a phenomenon which 
disappears so rapidly. For the planets, even the large ones, photo- 
graphy is of little use, and will teach us few new things. It is 
even less useful when applied to the stars. The groups of the I’leiades 
and of Orion have been photographed, and one could recognize the 
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constellations in the images thus obtained ; but a clear eye, without 
glasses, could see more in the sky than could be shown by photo- 
graphy. We congratulate ourselves on the new method of study 
possessed in a very complete manner by several observatories, among 
which we will mention the observatory of Wilna; but we neither 
anticipate, by its intervention, any enlargement in the sphere of 
action of practical astronomy, nor an overthrow of the art of taking 
observ'ations, such as resulted from the invention of astronomical 
telescopes.” 

Plate XlII., which represents two identical portions of the moon, 
will enable us to testify to the correctness of Mfedler s judgment : 
one is a facsimile of the selenographical map drawn by the illustrious 
astronomer; the other is the enlarged reproduction of a fine lunar 
photograph taken by Mr. Warren de la Ene, In the latter the relief of 
the surface is admirably realised by the contrast of the lights and 
shadows ; but one cannot distinguish a host of topographical details 
of great interest which the astronomer, aided by powerful instru- 
ments, has accurately delineated, and which convert his beautiful map 
of the moon into a valuable monument for future selenographical 
researches. 

Although there is still something to be said for the accuracy of 
the position taken up by Mtedler, the importance of photography in 
astronomical work is being more and more acknowledged as the 
processes are developed, and for such observations as require 
daily registration, such as photographs of tlie solar surface, it is 
alreadv invaluable. 




PLATE XIII.—CELEHTIAL PHOTOGRAPHY. 

Lwimr iiioiiiitaius, funii a itliotn>(rn)ih hy Mi. Wnrmnlt* la Hue. Tlie matiu region, ropi^l from Beei 
and MtHlIei’s iiiu)i nf (ho Mooit. 
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BOOK IV. 

APPLICATIONS OF THE PHENOMENA AND THE 
LAWS OF HEAT. 

CHAPTEK 1. 

THE ART OF WAHMlNCi. 

§ 1. — Ancient Methods op Warminu. 

Of all the varying conditions which are hurtful to our health, or 
restrict us, to a certain degree, in the full use of our physical and 
intellectual faculties, sudden changes of temperature and the ex- 
tremes of heat and cold are among those which affect us the most, 
and against which it is the most necessary for us to he on our guard. 
The regions of the earth, where reigns, as the old phrase runs, a per- 
petual spring, are few, and hut little inhabited. Even in the temperate 

zones there is a wide interval between the summer’s heat and the 

• 

winter’s cold. In proportion, too, as civilisation embraces larger and 
larger areas both in the New and the Old World, so voyages multiply, 
fresh countries are colonised, and man is forced to live in places 
where the extremes of temperature, unless their effects are overcome, 
would render his acclimatisation difficult, or at all events dangerous 
to his health. Hence the need of combating these effects, whether 
dangerous or simply disagreeable, by appropriate methods, and 
of regulating the use of the latter by the laws of physics and 
hygiene. 

These methods are of various kinds. They may have reference 
to our houses, our clothes, or even to our meat and drink ; and it is 
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obvious that we may ai range them in two distinct classes, according 
as they are intended to protect us from the extremes of heat or the 
extremes of cold. 

Let us consider first the art of warming, which is the chief 
necessity for the inhabitants of the frigid aud temperate zones. 

The most natural as w’dl as the most primitive method of 
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protecting oneself from the cold, is to light a fire and expose oneself 
directly to its iufluence. Our ancestors of the Stone Age ddubtless knew 
no other way : they lighted in the open air the fires which served for 
the cooking of their food ; and so do still not only many savage 
races, but even our own soldiers when out on a campaign. Never- 
theless a great advance was soon made upon this commencement of 



CHAP. I.] 


THE ART OE WARMING. 


335 


the art of warming, which consisted in placing the fire under cover in 
the primitive habitation, at first in caverns, but afterwards in huts of 
wood, branches, or stone. 
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What length of time elapsed before the invention of chimneys ^ 
Many centuries, no doubt; and the smoke escaped from the hut, 
either by the single opening which served at once for doorway ami 
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window, or, as among the Gauls, the Germans, and even now among 
the Esquimaux and a score of other semi-savage tribes, by a hole 
made in the upper part of the roof 
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But we have no intention of tracing here the history of the art of 
warming, nor of inquiring whether the ancient Greeks or Eomans were 
acquainted with chimneys, or if, on the contrary, these useful appli- 
ances only made their appearance during the Middle Ages in the 
houses of Western Europe. That improvements which in these days 
appear so simple should have been so slowly introduced is nothing 
extraordinary when we consider that our present civilisation has 
advanced from the South and the East towards the West and the 
North. The Greeks used to pass a great part of their life in the 
open air, and the mild climate of the Islands of the Archipelago 
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and of the Peninsula of Greece did not render necessary any excep- 
tional precautions against the cold of winter. They were satisfied to 
moderate the temperature of their houses by placing braziers upon 
tripod-stands with lighted coals beneath the warm ashes — a method of 
warming which was neither very efficacious nor very healthy. The 
tripods of the Greeks and the foculi of the Homans are still found 
under the name of hraseros in southern countries, as in Greece, 
Italy, and in Spain. 

We come then to the appliances for warming made use of in 
modern times, and we will begin with fireplaces. 
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§ II. — Wakmino by Means of Fikeplaces. 

This is still the method of warming most commonly adopted in 
England and France. The hearth, where combustion takes place, is 
formed of a cavity excavated most commonly in one of tlie princi- 
pal or bearing-walls of the house. It is surmounted by a cylindrical 
or prismatic passage, by which the smoke and the other gaseous 
products of combustion escape, and the outer orifice of which is 
raised above the roof. 

In ordinary fireplaces combustion takes place at the expense of 
the air of the room, which thus loses its oxygen, and therefore 
requires to be incessantly renewed. This renovation is effected by a 
process, the phenomenon of which we are all familiar with under the 
name of a draught. This is nothing else than the ascending motion 
of the air and warm gases which escape from the grate. When the 
fire is first lighted the outer air filling the chimney and the air of the 
room are in equilibrium. The heat of the fire warms the lower 
layers of air, which become less dense, and therefore tend to rise, and 
in fact do rise. The colder air of the layers above fills the vacuum 
thus caused and produces a descending current, which is at first 
stronger than the ascending, and so very often the smoke is driven 
back into the room. 

As soon, however, as the column of warm air rises to the outer 
opening of the flue and fills the whole chimney the ascending 
vertical current gains the mastery, and the draught produces its 
complete effect ; but always on one condition, and that is, that the 
air of the room, in proportion as it yields its oxygen to the fire, shall 
be as constantly replaced by fresh supplies. If from any cause this 
renewal cannot be effected, the force of the draught diminishes by 
degrees, and with it the activity of combustion. One result of this is 
that the smoke is driven back, and another, that the air of the room 
is vitiated, by being deprived of its oxygen, which is replaced by 
irrespirable or poisonous gases, such as carbonic acid and carbonic 
oxide. A draught, then, is as necessary for health as for the proper 
working of the fireplace. 

■ Now how is this last condition of which we have been speaking 
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to be fulfilled ? Wliere is the fresh air to come from which is to 
replace that which is taken from the room by the combustion kept up 
by the draught ? 

In olden times it was through chinks in the doors and windows 
that this fresh supply was obtained. The fireplaces then almost 
always smoked when these openings were properly closed, as they 
should be in newly built houses. At all events a serious inconveni- 
ence arose from the currents of air, which were very disagreeably 
felt by persons sitting in tlie chimney corner — 
and every one knows how much draughts have 
had to do with rheums, or rheumatic affections — 
and even in our present houses there are not 
wanting instances where the fireplaces constructed 
in the old way produce the same results, that is to 
say they leave us the choice between disagreeable 
smoke and unhealthy draughts. 

The construction of a fireplace according to 
the requirements of science is an art which does 
not date very far back. In the reign of Louis 
XIV., not only in private houses, but even in 
the palaces of the king, a poor degree of warmth 
was maintained by making very large fires. To 
escape the draughts they used screens, and even 
this was not always sufficient, since Louis XIV. 
himself in winter time used to remain in his 
apartments snuggled up in a sort of box like 
a carriage or sedan-chair, which prevented all 
access of air. Besides this, as we shall see, it 
Fig. sisi.-Draught iu nn ^,v'a8 uot Only the arrangement of the draught 

ordinary fireplace. jo o 

that was defective,, the utilisation of the heat 
developed by the combustion was as bad as it could be. 

How in fact does the fire in the grate warm the room and the 
things contained in it ? In the first place, directly by the radiation 
from the fames and glowing coals. In the old fireplaces, therefore, 
where the fire was at the bottom of a large square cavity bounded on 
either side by jambs, and above by a funnel or a shelf, all of which 
presented obstacles to radiation, a small part only of the heat rays 
were utilised. 
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At the present time, or rather since the time of Gauger ^ (1713) and 
Eumford, the fire has been placed forwaid in such a way as to afford 
a wider scope for direct radiation. Besides this the inner sides of 
the jambs are cut off by surfaces of glazed earthenware or steel 
placed obliquely, or sometimes in the form of a parabola. In this 
way the rays which would not otherwise leatli the loom are reflected 
and contribute to the warmth 
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The opening of the grate is conti acted above to the point wheie 
the chimney commences, which has the double advantage of in- 
ci*easing the draught and of preventing the smoke from escaping 
into the room. This effect is further increased by the use of movable 
hltywers, which are pieces of sheet iron which can be laised or lowered 

* Author of a work, of which the following is the title La Mecantque du Feu; 
ou, MAH d!m augmmtei les EffeU et dim dimmutr la Lepeme: Tiaiti det, 
nouvellei Cheminees gut khauffent plus que he Chenmues ordmaues, et gut nc 
sont point sujetUs dfimer, Paris, mdccxhi 
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at pleasure lu front of the fire, and are advantageous substitutes 
for bellows 

The warming ot an apartment by means of a fireplace is accom- 
plished not only by radiation, but also by convection that is to say, 



by the transport of warmed particles of air, winch rise towards the 
ceiling, and are replaced by the told air, which is constantly drawn 
m from outside In this way there arises a natural ventilation, 
generally more than sufficient from a hygienic point of view , but 
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another result is that the fresh air, being cold, has to be perpetually 
heated by the fire, the warmth of which is thus disadvantageously 
\ised. Moreover, since the chimney contains a great quantity of 
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the warm gaseous products of combustion, ^ the caloiific effect of 
these fireplaces is extremely feeble, and we are led to seek more 
rational arrangements, and to invent tliose which .are known as 
ventilating fireplaces. 


§ III. — Ventilating Fireplvc^es 


The principle of the ventilating fireplace 
of drawing from outside, through the chinks 
or even by ventilators and side-conduits, 
the sir which is required for the draught, 
and indispensable for the renovation of the 
vitiated air of the room, it is attempted to 
pi event the fresh cold air from entering till 
after its temperature has been raised by 
means of the fire itself. The air from the 
outside is therefore made to circulate in the 
passages suiTounding the grate, and when 
heated it is made to escape by ventilators 
into the room itself, and thus contribute to 
raise the temperature. 

Various arrangements have been in- 
vented for this end We will mention only 
two of the most simple. 

In one (Fig. 2:]G) the air comes from the 
outside by a passage which entirely sur- 
rounds the iron cylindrical flue, and also a 
part of the grate ; it thus becomes warm, 
and rises to an opening made near the 
ceiling in the wall of the room. Ii is thus 
warm air, and at the same time fresh and 
unvitiated, that replaces what is consumed 
in the act of combustion or drawn off by 
the draught. 


is as follows: — Instead 
of doors and windows. 



Fig 230 Donfflafi Galton s 
^ entilatiiig Hi epiaoe. 


1 According to General Morin, the air which leaves the grate is often at a tem- 
perature of 60®, 80®, 100° Cent or more. The loss of heat amounts to ? X i or more 
of this dispersed heat, and the calorific effect of an ordinary fireplace scarcely 
exceeds '14 or '12 of the heat developed by the combustion. 
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In the other form of fireplace tlie grate is an apparatus of cast- 
iron, and the Hue is divided into seveml passages, along which the 
warm gases pass. Tims the whole apparatus helps to warm the 
chamber into which the outer air is received, and this, escaping into 
the room by two lateral openings, after having its temperature raised 
by contact with the sides of the apparatus, assists at the same time 
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m warming and m ventilating the apartment. Tlie heating efi'ect 
ot ventilating fireplaces is considerably greater than that of ordinary 
ones. It may reach as much as 3U per cent, of the heat developed 
by the combustion. 


§ IV. — SrovES 

Stoves only differ in reality from fireplaces in this one respect. 
'Jliey are wajming apparatus placed in the middle of the room that 
has to be warmed, instead of being set back against, or even ensconced 
in, the masonry of the walls. The consequence is that the warmth 
of its sides is commnnioated in every direction to the air of the room 
by radiation ; and in this way the heat of the grate is much more 
comjiletely utilised. The piinciple of the draught is the same, but 
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as the grate is only visible through a narrow aperture, there is 
scarcely any direct radiation from the Hames or the glowing coals. 
The draught, on the contrary, is not diminished, hub the amount of 
air passed through is relatively rather small, on which account the 
ventilation is generally insufficient. Hygienically speaking, stoves 
form an inferior means of warming to open fireplaces. Their forms 
are very varied, as well as the material of which they are made. 
Cast-iron stoves, owing to the gi’eat conduct ibility of the metal, are 
very quickly heated : their sides become red-hot, and, besides the 
insufferable heat thus caused, serious inconveniences are the re- 
sult. One of these arises from the high temperature to which tlu* 
air is mised, and the consequent dryness which affects the organs of 
respiration. This is remedied by placing a vessel of water upon the 
stove; this, by evaporating slowly, furnishes the required moisture 
to the air. Another inconvenience of more consequence has been 
lecently noticed. The red heat of the cast-iron causes the formation 
of a gas, carbonic oxide, which is eminently poisonous, even uhen 
mixed with the air in very small proportion. It is thought by some 
that the glowing metal becomes permeable to the gases of combustion 
by a process of exosniosis or of dialysis, as explained by several 
writers, Graham, Heniy St. Clair Devillc, &c. ; by others it is 
believed that the gas in question is formed at the expense of the 
organic paiticles of dust which become burnt by contact with the 
sides of the stove, or else by the decomposition by the glowing 
metal of the carbonic acid of the atmosphere. Whatever may be tbe 
cause of its formation, the phenomenon is proved, and with it the 
unhealthiness of cast-iron stoves, whenever, at least, they are heated 
till the sides become red-hot. 

Stoves of brick, earthenware, and fire-clay, or even metal stoves 
which have a fire-clay lining to tlie grate, are without this incon- 
venience ; but then they are heated much less quickly, on account of 
the feeble conductivity of the material forming the covering, although 
of course, for the very same reason, they preserve their heat much 
longer, and their use is much more healthy than that of cast-iron 
stoves, whose principal advantage is their being very economical. We 
have already said that ventilation with stoves is much worse than 
with open fireplaces. Their healing effect is as much greater. They 
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attain with ease to 85 or 90 per cent, of the heat developed by the 
combustion. Although the ventilation caused by the draught is 
altogether insufficient, according to M. Morin the air of a room 
warmed by a stove is renewed at the oftenest once in every 
ten hours. 

Fig. 238 represents a heating stove, the arrangement of which is 
very advantageous, both with reference to ventilation and utilisation 
of the fuel Ventilation is secured by an inlet air- pipe, which opens 
below the grate at A ; a plug P allows the introduction of fresh air. 




and consequently the draught to be regulated. The smoke, escaping 
by a flue-pipe at the side, warms the air in the chamber, whence it 
escapes by expansion through the lateral ventilators into the room. 
The outer covering B also prevents the injurious effects which might 
result from the overheating of the ircn case containing the fuel. 
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The charge of coal or coke is put in above by lifting the lid at 
the top. 

In northern countries, such as Germany, Eussia, Sweden, and 
Norway, the stoves are like pedestals, made of bnck, and coveied 



F i«, 14(1 —A atiivt \\\ UusHtt 


witli earthenware or porcelain. The supply of an is obtained from 
outside by a pipe which enters the stove, and it is there warmed, 
together with the air within, by contact with the hot gases fioni 
the grate, and afterwards spreads itself, thiough the openings in 
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the sides, all over the apartment. In other cases (Fig. 239) the 
inside of the stove is simply divided into chambers or compartments 
one over the other, within which the smoke and the gases of combus- 
tion circulate. In this case it is simply by radiation from the outside 
that the warming takes place. In general it is sufficient to keep 
such a stove alight for a few hours in the morning, and then to close 
the apertures when the whole of the fuel is in a state of incan- 
descence. The leeble conductivity of the clay or glazed iiorcelain 
which forms the outer cover then preserves the heat of the apparatus 
for the whole day. 
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CHAPTEI? ir. 

THE AUT OF WARMINO — HEATING AITATUTITS. 

§ L— Heating by Hot Aie. 

The name Heating A])))aratus ** must be -kept for such arrange- 
ments as are designed to communicate to a distance the heat that 
is generated by combustion in a grate, and to s])read it through 
a certain number of apartments, distinct from that in which the 
a])paratus is fixed. 

Some of them have more or less of a resemblance to ventilating 
fireplaces or stoves provided with inner chambers and openings 
for the hot air, since they too carry hot air to the various rooms 
that have to be warmed. These are hot air heating apparatus. 

Others are constructed uj)on a different principle. The vehicle of 
the heat genemted in tlie grate is in this case water, which, warmed 
by contact with it, circulates through conducting pipes in the thick- 
ness of the walls to all the places where the temperature is to be 
raised. These are the hot water heating apparatus 

And lastly there is a third system, in which the heat from the fire 
is made latent in the vaj)Oiir of boiling water, which, by circulating 
in the conducting pipes, is cooled, condenses, and yields up all the 
heat given out by condensation to the surrounding objects and to the 
air in contact with them. These are steam heating apparatus. We 
will pass successively in review the apparatus ol‘ these three systems, 
and note their respective advantages and drawbacks. 

The grates of tlie hot air apparatus are generally fixed in the 
cellars of the buildings they are required to w^arm, and in the centre 
of a chamber, the air of which is renewed by an opening from the 
outside, which has no direct communication with the fire itself, so 
that the smoke and other gaseous products of combustion have no 
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access to it. The pipe containing the smoke and gas is folded upon 
itself several times, or is divided into several parts, sometimes hori- 
zontal (Fig. 241), and sometimes vertical — an armngement tlie object 
of which is the increase of the heating surface so as to utilise as mucli 
as possible of the heat obtained from the fuel. We see at once that 
for this purpose the vertical arrangement is by far the most advan- 
tageous, since the liot air in rising encounters nothing in its move- 
ment but the sides of the liorizontal pipes, while it remains during the 
whole of its ascent in contact with the entire surface of the vertical 
jiipes 

While the smoke and the gases are rising in the chimney, after 
liaving given up to the heating chamber a great part of their heat, 
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the air of the chamber thus heated rises through a central pipe 
divided into several others These open severally upon the various 
floors and rooms of the building by apertures which may be more or 
less closed at will. The intermixture of this air with that of the room 
raises its temperature, but contributes nothing to the ventilation, 
unless tliis be secured by independent means. The heating effect 
of these apparatus may vary from 60 to 80 per cent. 

The air, when it reaches the room, is often at too high a temper- 
ature. In order to obviate this it may be made on leaving the heat- 
ing chamber to traverse a space to which tlie cold air has access by 
apertures provided with regulators, and can be so managed as to bring 
the mixture to a mean temperature say of 30® or 40® Cent. This method 
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of heating may be as injurious to health as stoves are and for the same 
reasons. The air they supply is dry, and the carbonic oxide and other 
deleterious gases may pass through the metallic })ipes, and, finally 
evenness of temperature is far from being secured by this system. 


§ II. — Hot Water and Steam Heating Apparatus- 
Heating BY Gas. 

In these last respects heating by the circulation of hot water i« pre- 
ferabla The temperature of the heated air is in this way more' 
moderate and regular, and it is easy to account for these advantages. 

The hot water boiler is fixed, as in the aj)])aratus already described, 
in the lowest floor of the building. The fire is ai)plied directly to 
heat the water of a boiler, C. This water, expanding by the elevation 
of temperature, rises by reason of its diminution of density through a 
vertical pipe which leads to the uppermost story. There it commu- 
nicates its heat to the water of a reservoir or cistern, D, which 
acts as a kind of stove, since the heat from it radiates throughout tlu* 
room and warms it. 

A j)i])e descends from this reservoir to a similar one, F, on the floor 
immediately below, and so on till the water is returned to whence 
it started, and having grown cold by this incessant change, is heated 
again in the boiler, and there recommences the same movement. 

It is easy to ])erceive that this circulation is continuous, that it 
begins, so to speak, as soon as ever the fire is lighted, and that it attains 
its maximum velocity as soon as tlie maximum difference between 
the temperature and density of the v^ater in the boiler and in the 
uppermost reservoir is reached. The pipes which carry the water 
assist also in warming the rooms. 

The uppermost reservoir is provided with an opening by which 
the water may be renewed, and from which the air disengaged by the 
heat or the steam arising from too great an elevation of temperature 
may escape. 

Bonnetnain, ati architect of the 18th century, was the inventor of 
hot water heating, and his plan is still followed witliout material 
modifications. The water in this system has usually a temperature 
less than 100° Cent., and hence such apparatus are called low 
pressute apparatus. 
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Hot water heating may also l>e effected by bringing the water to a 
iimch higher temperatni’e, say 300® (Vnt. In this case Perkins’s high 
j)ressuro apj)aratns is made use of, so called from the inventor of the 
system In this the water circulates in pipes which have no communi- 
cation with the open air, and are built in the thickness of the walls 
from one story to another, or beneath the floors, as in the low pressure 
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system, except that the tubes are constructed of stout iron and joined 
with great care, and are bent into spirals or coils, K, H, E (Fig. 243), 
on each floor, above the furnace, where they are subjected to the direct 
action of the heat, up to the rooms of the upper stories, where they All 
certain spaces in the form of fireplaces or stoves, D, G, J, as in the 
represented figure. A1)Ove the coil in the uppermost story there is 
an expansion vessel a, containing a certain quantity of air which the 
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water compresses when its temperature rises, so as to avoid the 
effects of the expansion of the liquid and of the steam ^hich is 
formed, the pressure of which latter may reacli a considerable number 
of atmospheres. 

The method of heating by hot water at high pressure is subject to 
serious diawbacks. It may cause a fire by setting light to the wood 
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adjoining the pipes. If the steam escape through any joints or 
cracks it might occasion explosions or dangerous scalds. 

A third method, namely, that of heating by the circulation of 
steam, is based upon the great quantity, of latent heat given out by 
steam in condensing. It requires pipes of but small dimensions; 
but its many drawbacks, the variations of temperature arising from 
any neglect in attending to the fire, the condensations, blows, fractures 
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and explosions that have arisen fVom this canse have caused the aban- 
donment of this method of heating. M'hich is only employed in factories 
'where there is waste steam to utilize. 

A mixra system, which appears to be very advantageous, has been 
invented by M. Gronvelle, an engineer. This consists in combining 
hot water heating with heating by steam. The latter is employed to 
heat the water contained in stoves fixed on the various flats or rooms 
of a building, like those described under the bead of hot water appar- 
atus open to the air. Hospitals, prisons, and laige public offices can 
be healthily and economically warmed in this way. 

There remains to be mentioned a method of heating which is useful 
in certain respects, and for special purposes, if not from an economical 
point of view, certainly for its cleanliness and handiness, but which 
can only be made use of in towns. We refer to heating by gas. 
3ut here we must not be misled ; there is nothing but a substitution 
of one fuel for another, and the apparatus invented for the applica- 
tion of this system have only one object, namely, to make use of a 
certain number of gas jets to raise the temperature of stoves, cooking 
ovens, manufacturing apparatus, or the like. We merely mention 
these different utilizations, without speaking further of a method of 
heating which is based on the same principles as those in which coal, 
wood, coke, or turf, are employed as fuel. 


§ III.— Ox Fuels. 

This leads us naturally to say a few words on the fuels themselves 
and their relative value, with regard to the heat they develop; 
a question by no means unimportant in relation to heating 
apparatus. 

Wood was the first fuel employed, and even now whole countries 
use no other. It is certainly one of the most agreeable, but it is also 
one of the most costly, except in countries covered with forests and 
remote from coal mines. Cod, antiincite, lignite and other minenl 
fuels, and coke, which is the residue left after the distillation of coal, are 
more and more frequently employed, as they afford a more economical 
method of heating. In some countries peat is used ; in fact it is 
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always the vegetable kingdom, whether that of to-day or of ancient 
geological periods, that supplies the heat developed in the various 
apparatus we have passed under review. The gas that is also used 
as fuel, is but one of the ingredients of coal, and this simple fact 
proves why heating by gas is dearer than that by coal from which 
the gas is extracted. 

We will now compare the heating powers of these different sub- 
stances, according to the experiments of physicists. By the number 
of calories is meant the number of units of heat developed by the 
complete combustion of a kilogramme of each substance. 


Fuels 

Calories 

Ratiua of 
heating powers 

Coal 

. 8,000 . . . 

1-00 

Anthracite 

. 7,500 . . . 

01)5 

Coke 

. 7,000 . . . 

0-90 

Lignite 

. 6,500 . . , 

0-8() 

Charcoal 

. 6,000 . . . 

0-75 

Peat 

. 5,000 . . . 

0-60 

Dry wood 

. 4,000 . . . 

0-50 

Wood (20 per cent, of water) 

. 3,000 . . . 

038 

Gas 

. 10, (MK) . . . 

1-25 


Gas has tlie greatest heating power ; next come coal and mineral 
fuels, then turf and wood, and moist wood is lowest of all. 

We have seen further to what extent the heating apparatus, even 
the most improved, utilize the heat of combustion. The greatest part 
of the heat goes up the chimney. 

If we would know the amount of heat lost annually in smoke we 
may take the consumption of fuel in Paris for example. The Annuaire 
du Bureau des Longitudes for 1872, gives us this consumption for the 
year 1869 : 

Wood of various sorts . " 994,057 stores. 

Charcoal 4,902,315 hectolitres. 

Coal, coke, turf 682,011,827 kilogrammes. 

If we take a number less than the mean value of these various 

fuels the total value cannot be estimated at less than sixty-nine 

millions of francs. Twenty-five millions for wood, twenty-four 
millions for coal, and twenty millions for charcoal. But this last fuel 
is not used at all for heating purposes, and a considerable proportion 
of the coal is used for industrial purposes. The loss of heat is not 

A A 2 
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very different for the three kinds of fuel, and we shall not be wrong in 
stating that sixty per cent, at least is lost in smoke without being 
utilized in any way. We have here then an annual loss of forty 
millions of francs which might certainly be considerably reduced if 
rationally constructed apparatus were everywhere adopted. The purse 
and the health of consumers would be thereby equally benefited. 

What would be the result if we were to apply the same calculation 
to the whole of France, and to all the countries of the world ? 
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CHAFTER III. 


VAIUOTTS APPLICATIONS OF JHE LAWS OF THF CONDUCTIBILITY OF 

HEAT. 


§ I. Dwellings. 

T he temperature of an apartment depends not only upon the heat- 
ing apparatus which are jdaced in it, or on the heat which these 
may communicate to the air by way of radiation or convection, or 
any other mode of piopagation ; but it depends also, in the first place, 
on the temperature outside, and, in the second place, on the greater 
or less efficacy with which the walls or other protections oppose the 
passage of the heat from within outwards. This inevitable loss is 
more or less rapid according (1) to the thickness of the walls, or (2) 
according to the materials of which they are made, such as wood or 
other bad conductors of heat, or (3) according as the openings in 
them, closed only by glazed windows so as to admit the daylight, 
are more or less numerous, and present a greater or less surface. 

Thick walls, made of materials which are bad conductors, have 
the double advantage of protecting the inmates in winter against 
the cold, and in summer against the heat. Stone and marble are in 
this respect less advantageous than brick, and much less than wood. 
In cold countries, as in Russia for instance, many of the country 
houses have their walls made of beams or thick planks, forming a 
double partition which is filled with broken materials, chopped straw, 
sawdust er dried moss. The air which is entangled in the interstices 
of this loose material forms with the partitions a combination very 
impermeable to heat, and a very bad conductor, and consequently 
an excellent protection agamst the low temperature of the outside. 

But it is through the doors and glazed windows that in the day- 
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time the heat is most rapidly lost An excellent method of securing 
oneself against this loss is the employment of double windows ; the 
air which is imprisoned between the two slender partitions of glass is 
not renewed, and being a badly conducting substance, forms a protec- 
tive covering, vhich the obscure heat of the inside can with difficulty 
pass through, w’hile the luminous heat of the sun's rays on the con- 
tmry can penetrate with ease into the room. And -thus we find the 
use of these media which are at the same time diatherraanous for 
luminous rays, but athermanous for the rays of obscure heat. 

This double glazing may be very advantageously employed in 

conservatories, where the plants 
require the full daylight, and 
which pine when the glass is 
covered by mats or other opaque 
material to protect them from the 
cold. 

Cellars are less exposed than 
the rooms of the upper stories 
to the exchange of heat which 
takes place between the inside 
and the outside or vice versd. 
They thus preserve throughout 
the year a medium temperature, 
which >aries the less as they are 
situated deeper. So they appear 
to be warm in winter and cool 
in summer. Though w^e cannot 
regard them as very healthy 
places for living in, they serve 
at least for the preservation of many things which are damaged 
either by excessive cold, or too great heat. 

Ice-houses are a sort of cellar rather deeper than ordinary ones, 
dug in the ground, and cased inside by a wall of brick. Into 
this pieces of ice are thrown during winter time that they may be 
kept and used in the hot season. After the cavity is filled with frag- 
ments of ice, a certain quantity of water is poured in during severe 
firosts, wliich covers the whole with a layer of ice which prevents the 
access of the outer air. Straw is then heaped up over it and foims a 



Fig 244 • An icehouse 
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badly couductiDg layer. And then a roof covered with haulm and 
turf, and plantations of trees whose shade protects the ice-house from 
the rays of the sun, complete the process by which the interior of the 
cavity is rendered altogether impermeable to the external heat. 

All these precautions are based, as we see, on the feeble con- 
ductivity for heat of eartli, bricks, and loosely packed materials. 

§ II.— ('lothks 

From houses let us turn to clothes. 

There are but few countries vln'ie clothes are not indispensable for 
protection against the weather, and especially against excesses of 
tempei-ature, either in winter, or in summer. Man is not naturally 
protected against these excesses, and he may suffer greatly from them. 
He is not, as most animals are, provided with a covering of hair, or 
feathers, or down, or with a fleece more or less thick to protect him 
from the inclemency of the air, — and he must have recourse to his in- 
dustry which can do no moi’e than imitate nature in a more or less 
intelligent manner, according to the degree of civilisation he has 
attained to. 

In the state of barbarism which characterised the first ages of 
mankind, a state of which we have still many remains, men could do 
no better than cover themselves with the skins of the animals they 
killed in the chase. This primitive gaiment is still that of many 
barbarous tribes. In polar climates the Esquimaux, the Lapps, the 
Siberians, clothe themselves in skins of bears and reindeers, which 
they cut in a rough sort of fashion. The hide is impermeable to 
moisture, but it is the covering of hair which forms the real piotective 
layer against the cold, on account of its feeble conductivity for heat. 

The temperature of the human body is pretty nearly constant in 
all climates and through all seasons. It is not modified by action 
from the outside, so to speak. “ The blood of the Laplander,*' says 
Tyndall,^ ‘4s sensibly as warm as that of the Hindoo, while an 
Englishman in sailing from the north pole to the south finds his blood 
temperature hardly heightened by hisapproach to the equator, and hardly 
diminished by his approach to the antarctic pole.” What forces us 

^ H€aJt as a Mode of Motion* 
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to use clothing is the disagieeable sensation we feel by the contact 
of oui skin with cold air oi air gieatly heated by the lays of the sun, 
and the accidents mIucIi lesulfc to oui health from the sudden change 
Thpie are thiee things winch render a fabric unsuitable for the 
conduction of heat,— the natuie of the substance of which it is 
composed, the structure of the fabiic itself, and its thickness With 
regard to the first point, the following is the ordeiv in which the 
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various substances may be ranged, commencing with the most and 
ending with the least conducting The results are due to the experi- 
ments of llumford -—spun silk, cotton or wool, sheep’s wool, taffeta, raw 
silk, beaver’s hair, eider down, hare’s skin. 

We see from this that silk is a better conductor than wool, and as 
the fabrics of silk are of a closer set structure than woollen stuff, the 
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latter have a double superiority, t.e., both as regards the fabric or 
as regards the material. 

Daily experience confirms these inductive results, woollen garments 
are the best protectors against the cold, because they oppose the 
passage of heat from the body. These, too, provided the stuff* be 
somewhat light, we should also prefer in summer for stopping the rays 
of heat, and preventing them from penetrating to our body. Besides 
this, we know that colour has also an influence, that black or sombre- 
coloured' clothes give out the heat with greater facility than those 
which have a bright colour or are white. So that in winter the 
latter are preferable to the others, since they are less favourable to the 
loss of heat from the body. In summer, the heat without is less 
easily absorbed by white clothes than by dark, and they, in this case, 
are preferable to the others. 

It is not the weight of the stuff* that makes a garment hot, it is 
the divided structure of the tissue, an eiderdown quilt filled with fine 
and light down, is warmer than a heavy and thick counter])ane. 

We see from these examples, how necessary it is to take into 
account the various properties of bodies, their conductivity, their 
radiating, absorbing, and emissive power, in their ordinary applica- 
tions to heating, to the construction of houses and to clothes ; but 
we must also take health into consideration, which has to do not 
with physics but with physiology. 

We seek for warmth in winter, for coolness in summer, but we 
must take care how far we go in this, in order that our health, which 
is the eciuilibrium of the functions of our bodies, may be kept in a 
good state. 


§ III. Miners’ Safety Lamps. 

We saw in the Forces of Nature , that a metallic gauze placed 
above a gas flame prevents the combustion from being propagated 
above the gauze. The latter absorbs so much heat, that the tem- 
perature of the gas after passing through the little opening of the 
meshwork is not sufficient for ignition. 

An illustrious English physicist, Davy, has made use of this 
important property to prevent accidents in mines, happening from the 
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inflammation of fire-damp. The miner’s lamp which bears his name, 
has received various modifications and impiovements since its first 

invention, but the principle of its con- 
struction remains the same. 

Figures 246, 247, 248, show several 
patterns. In all of them the explosion 
that would result from the introduction 
of an explosive mixture into the chamber 
where the lamp is biiriuug is confined 
to that cluiml>er itself. The envelope or 
metallic wrapper prevents the heat from 
being able to propagate itself outward®, 
and the miner is warned of his dangir 
without having to suffer its terrible 
effects. 

The new patterns of Davy’s lamp 
Fit. 246— Da%> Bar»t safety ump, give inorc light than the earlier ones, 

as the light burns in a glass tube. 
Moreover a particular arrangement prevents the imprudent conduct 
of the miners in opening these lamps, as they cannot do so without 




Bto 247 — miiet^a safety lamp, with cage and glass tube. 


extinguishing it. The Combe lamp, which is represented in Fig. 248, 
is 'formed of a thick cylinder of glass surrounding the flame, above 
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which is a metal tube, further surrounded by a metallic network or 
trellis. The air required for combustion enters laterally, by openings 



248 ->Bection of one of Combe b lamps 


situated below the flame, which it reaches after having passed two 
thicknesses of metallic meshes* 

§ IV — ^Vahious Domestic Applications of Heat. 

Certain customs based on the feeble conducting power of certain 
substances are well worth a passing reference. 

Why are the hands of tools and utensils that we put on the 
fire made of wood ? Why do we cover the handles of kettles with 
cane, or flat irons with leather or cloth? Because wood, leather, 
and cloth are very feeble conductors. It is for the same reason that 
these substances feel warmer than the metals, or than marble, when 
they are all in the same neighbourhood, whei'e all the objects hav e one 
and the same temperature (less than that of the hand). The floor of a 
room does not feel so cold as the pavement, because the wood conducts 
heat less than brick, and a floor of pine feels less cold than one of oak 
for the same reason. In all these examples the contact of the hand 
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with bodies which are good or bad conductors causes a sensation of 
cold or of heat, because the exchange of heat which takes place in one 
direction or the other between tliese bodies and our skin is more or 
less rapid. The disagreeable feeling which arises from a scald is due 
to a too rapid exchange of heat bringing about the disorganization of 
the tissue. The same feeling may result from contact with an object 

which has a very low tem- 
perature, such is the feeling 
experienced on touching a 
piece of frozen mercury. 
In polar climates, the hand 
must not be allowed to 
touch metallic objects, 
which must be enveloped 
in cloth, or else thick gloves 
must be used. 

The feeble conductivity 
of certain substances, such 
as wood and felt, has been . 
put to a curious domestic 
use. 

The automatic stewpan, 
which was shown in the 
Paris Exhibition of 1867, 
and which is in use in 
the northern parts of 
Europe, is nothing else than 
a metal stewpan, into 
which the meat, vegetables, 
and all other ingredients of the stew, including water, is placed. 
The whole is put on the fire till it boils. The stewpan is then 
inclosed in a box that has tlie inside and lid lined with a thick layer 
of felt. The stewpan is also covered with a pad of the same material ^ 
it is closed hermetically and the utensil is then left to itselt The 
cooking continues, and is completed without fire, because, owing 
to the vexy feeble conductivity of the envelope, the heat within 
maintains a very high temperature for many hours ; at the end of three 
hours it will have gone down, on an average, not more than 12® 0. 
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rHArTEE TV. 

VAUIOITS APPLICATIONS OF TIIK L\WS OF HEAT. 

§ I.— Burning Glasses and Mirrors. 

Is it true that Arcliimedes, by the use of burning glasses, set fire to 
the Roman fleet, which, under the command of Marcellus, was be- 
sieging Syracuse ? Is it true that Proclus did as much to the fleet of 
Vitellius during the siege of Byzantium ? 

These are questions which have been much discussed — which 
Descartes in his Dioptriqve has answered in the negative— which the 
learned have solved in various ways, but which prove at least that the 
ancients were acquainted with the power of concave mirrors to refle(*t 
to their focus and condense into a very small space, the rays which 
emanated from a source of heat. 

They were aware tdso of the effects of refraction through a mass of 
glass shape in the form of a ball or a lens, as is deduced from a very 
curious passage in the Clouds of Aristophanes. 

The discussion of this point of history, interesting as it is from 
other points of view, has had the merit of inducing experiments 
which have placed beyond doubt the heating effects which may be 
produced by bringing the rays of the sun to the focus of a spherical 
or parabolic mirror, or to that of one or more lenses. Tlie following 
are the principal results of some of these experiments recorded in 
D’Alembert and Diderot’s Encyclopoedia : — 

" The most celebrated burning mirrors of modern times are those 
of Septala, Vilette, and Tschimhausen. Tlie burning mirror of Manfred 
Septala, canon of Milan, was a parabolic mirror which, according to 
Schot, could set fire to pieces of wood at a distance of fifteen or 
sixteen paces. The burning mirror of Tschirnhausen was at least equal 
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to that of Septala iu size and power. We find the following in the 
Acta Ervditorum of Leipzig upon this subject : — 

' This mirror sets fire to green wood in a moment so that it cannot 
be extinguished by blowing violently upon it. It can boil water— 
ns to cook eggs very quickly — or, if the water is left in the focus a 
short time it evaporates. It can melt in an instant a mixture of tin 
and lead tliree inches thick ; these metals commence to melt drop by 
drop, then they run down continuously, and in two or three minutes 
the mass is pierced. It can very soon bring a piece of iron or steel to 

a red heat, and a little after 
can makes holes in it by the 
force of the fire. Copper, silver, 
&c liquefy as soon as they ap- 
proach the focus. It can also 
heat to redness like iron such 
substances as cannot melt, as 
stone, brick,’ &c.” 

The mirror of Tschirnhausen 
was three Leipzig ells (or 1*69 
metres) across, its focus was 
at a distance of 2 ells (1*13 
metres), and it was made of 
thin copper. 

A French workman at 
Lyons, called Vilette, made 
many large minors, one of 
which fell into the possession 
of the Academy of Sciences 
of Paris. It was a segment of 
a sphere of seventy-six inches 
radius, and therefore thirty-eight inches focus, its aperture was 1’27 
metres ; the substance of which it was formed was a mixture of tin, 
copper, and niercuiy. Its heating effects were comparable to those of 
the burning mirrors above described. 

Buffon, too, in the last century, made some curious experiments 
by using for the concentration of the solar rays, not a concave mirror, 
but a series of plane minors so arranged as to reflect the rays of the 
sun to one spot. ' *'He formed a large mirror composed of several 
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plane mirrors (he had 100) about half-a-foot square. Each of these 
mirrors was furnished behind with three screws, by means of which they 
might all be arranged in leas than a quarter of an hour so as to reflect 
the image of the sun to the same spot, M. Buffon, by means of this 
compound mirror, had already been able to burn objects at a distance 
of 200 feet.” — (Enct/L) In fact, at that distance he set fire to wood, 
at 140 feet he melted lead, and at 100 feet silver. 

This illustrious naturalist and physicist attempted in this way to 
realize the hypothesis of a Grecian poet Tzetzes who believed that it 
was by this means that the Eoman fleet had been destroyed at 
Syracuse. It was intended to show, by ocul ir demonstration, tlie pos- 
sibility of Archimedes’s invention, and the patriotic act attributed to 
the greatest geometer of antiquity. But Buffon had been anticipated 
without his knowledge by P. Kircher, and earlier still by Anthemius, 
the architect of S. Sophia, who must be considered as the original 
inventor of plane jointed mirrors. 

Berni^re constructed in 1759 a concave mirror of plate glass of 
1*16 metres aperture, in the focus of which silver and even iron are 
said to have been melted in a few seconds and flints were softened and 
fell in drops like glass; at least this is so stated by Daguin, in his 
Train de Physique, 

We may now give some details respecting the heating effects pro- 
duced by the refraction of a converging lens, or what is commonly 
called a burning-glass. The same physicists who experimented with 
mirrors tried also the effects of lenses of great dimensions. ‘‘ The largest 
lens of this sort,” says D’Alembert in his Encyclopaedia, “ was that of 
M. Tschirnhausen the diameter of the lens was between three and 
four feet, its focus was at a distance of twelve feet, where the pencil of 
rays converged to a diameter of one-and-a-half inch, and in addition, 
in order to increase the power at the focus, the rays were converged 
a second time by a second lens parallel to the first, placed where the 
diameter of the cone of rays formed by the first lens was equal to the 
diameter of the second lens, so as to receive them all.” The effects 
were similar to those of the burning mirror of the same experimenter. 

One of the most curious experiments made upon the refraction of 
beat was that of Mariotte, who made a convex lens with a piece of 
ice obtained by freezing pure water deprived of its contained air. 
With this new kind of burning glass, Mariotte exploded gunpowder. 
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We must not omit to mention Berni6ie*s burning glass, which was 
constructed on the same principle as that of Tschirnhausen, and of 
which Fig 251 is a representation. The mechanism there shown was 
for the purpose of enabling one man to arrange both lenses at the 
same time, that the rays of the sun might always converge to the same 
point 

Burning-glasses have one disadvantage which renders them inferior 
to mirrors, namely, that m passing through a lens of any thickness 
part of the heat rays are absorbed by the glass This defect Buffon 
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attempted to remedy by the intervention of polyzonal lenses, which 
consist of a series of rings, each of which forms part of a lens of 
constant focal distance, but of less thickness in the central portion. 
We have already described these lenses, which have been brought to 
perfection by Fresnel for thfe illumination of lighthouses. 

Burning-mirrors and lenses have been applied to the solution of 
an interesting question in physical astronomy, — whether the solar 
rays which reach us by reflection from the moon have any sensible 
heat. A great number of observers, from Lahire and Tschirnhausen 
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up to Forbes and Tyndall, have obtained no results. But Melloni in 
1846, and since then Piazzi Smith, T^rd Rosse, and Marid Davy have 
perceived a sensible heating. 
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5:^ II. — Compensated Pendulums 

We liave seen in the chapter on the applications of gravitation 
that treats of the pendulum, that one of the essential conditions of 
its employment in clocks is the constancy of the length of the rod, 
or rather of the distance between the point of suspension and tlie 
centre of oscillation. 

Now this constancy supposes that the temperature at which the 
clock has been regulated with this pendulum itself remains constant. 
For if it rises, the material of which the pendulum is formed dilates, 
the pendulum is lengthened, and its oscillations are slower. If, 
on the contrary, the temperature falls, tlie material contracts, the 
pendulum is shortened, and its oscillations are quicker. Whence it 
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follows that a clock properly regulated at a mean temperature will 
lose in summer and gain in winter. 

How is this defect to be remedied ? or how may it be diminished 
so as to secure an invariable length of pendulum, and the isochronism 
of its oscillations ? This is accomplished by availing ouraelves of the 
unequal dilatation of various metals, and by compensating for the 
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lengthening which would lower the centre of oscillation by raising 
that centre. Whence the name of compensation pendulums given to 
the various combinations which have been invented. 

The method commonly used upon the Continent is the fra/me or 
gridiron pendulum invented by Harrison. The rod is formed by a series 
of alternate bars of brass .and steel, jointed by transverse pieces, so that 
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the elongations produced by the dilatation of the bars of steel tend 
to lower the centre of oscillation, while that of the brass in an upward 
direction tends, on the contrary, to raise it. The centre bar, which 
is made of steel, is the one which supports the bob, and it passes 
through holes in the cross pieces so as to be independent of them. 
The suspending rod is, on the other hand, fixed to the topmost piece 
w'hich joins the outer bai*s. The lengths of these pairs of bars must 
be calculated from the coefficients of expansion of steel and brass in 
order that the lengthening due to the steel may be exactly equal to 
that due to the brass. 

This affords only an approximate compensation, because the 
centre of oscillation of a compound pendulum does not coincide either 
with the centre of gravity of the bob, or witli that of the whole 
apparatus. This compensation has therefore to receive its final 
adjustment by means of experiment. 

Leroy's compensation pendulum (Fig. 254) consists of a brass 
tube fixed over a bevelled opening, giving passage to a steel rod, 
which is fixed within the upper end of the tube. This steel rod is 
in two parts, joined by a thin spring of the same metal, which is 
flexible at the top of the slit. The distance of this slit from the 
centre of oscillation gives the true length of the pendulum, the 
fomer being the true point of suspension. The method is not a good 
one, for if the slit is wide enough to allow the spring to slide freely, it 
is not close enough for accurate time-keeping. 

When expansion takes place, the tube of brass rises, and the 
centre of oscillation follows the motion. On the other hand, the 
rod tends to descend, and the proper dimensions of the different 
parts may be easily calculated, so that there shall be compensation. 
This is rendered more complete by the same means as that adopted 
in the gridiron pendulum, and in all the other compensating systems, 
that is by trial. 

We will notice two more systems besides these : Ellicot’s plan, 
which is represented in Fig. 256, and Graham's, which \vas the first 
adopted (Fig. 265). 

In the first of these, the iron rod /, which supports t/he bob, is 
furnished at the upper end with a cross-bar, to which are joined two 
brass itkis c, r, dilating freely at their lower ends and supported upon 
two levers a, a, fixed to the bob. These level’s act upon the bob by 

a a 2 
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the pivots fy and so raise it that the centre of oscillation tends to 
rise at the same time that the expansion of the suspending rod tends 
to lower it. The compensation is in this manner partly eiffected, and 
it only remains to complete it, as before, by trial. 

Graham’s compensation pendulum is that generally employed in 
England, and is formed of a steel rod, which supports at its lower end 
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a stirrHj) containing one or sometimes two glass cylinders, partly filled 
witl) njcrcury. When the expansion gives rise to an elongation of the 
suspending ro<l, and lowers the centre of oscillation in consec^uence, 
it is at the same time raised by the eleVation of the level of the 
mercury in the tubes, arising from the same increase of temperature. 

The amount of mercury required is easily calculated from a table 
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of expansions. Should any pendulum of this description be found 
either to be over- or under- compensated, the defect can readily be 
remedied by withdrawing or adding a little more mercury. The late 
Mr. Dent used iron jars to contain tlie mercury, as he found great 
difficulty in obtaining a perfectly true figure with glass ones. 

There are other kinds of compensation pendulums, but they are 
all based upon the same principle, tliat is to say, on the une(j[ual 
expansion of the solids or liquids composing them, and on an arrange- 
ment which in one way tends to raise, and in another to de])ress tlie 
centre of oscillation. 

It is very important that a compensation ixuidulum should be so 
constructed that its different parts may all take up any change of 
temperature simultaneously. 

The necessity for this was well brought out, during tlio time that 
the normal sidereal clock at (Ireenwich was under trial. That clock 
had been originally fitted up w ith a heavy iron jar mercurial pendulum, 
but it was found that tlie mercury being so little exposed in proportion 
to its bulk, lagged behind the steel rod, both in expanding and con- 
tracting, causing an error in the time of the clock by doing so. 
The clock was in consequence supplied with a new form of zinc 
and steel compensation. A central steel rod passes down to 
below the pendulum bob, carrying a collet, or shoulder, at its 
extremity. Upon this shoulder rests a zinc tube, wdiich riiaches 
rather more than half way up the pendulum rod. To the top of this 
tube is fastened another shoulder, and to this second shoulder is fixed 
an outside steel tube inclosing the zinc one. To this outside steel 
tube the bob (of lead) is fastened at the centre of the bob. 1-he outside 
steel tube is cut away, and the inside zinc one bored wdth holes, in 
order to let in changes of temperature to the central steel rod. In 
action this pendulum is very similar to the gridiron, but the 
expansion of zinc being much greater than brass, much less of it is 
needed. 

It is important that the bob should be fastened at its centre, 
because owing to its bulk it would be sure to lag behind, and this can 
only be got over by neutralising its expansion as far as possible. 

The compensation action necessary for watches and chronometers 
is far greater than that required for clocks ; for, whereas a clock, with 
a simple iron-rod pendulum, will lose three seconds a day for every 
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ten degrees Fahrenheit of rise in the temperature ; a watch or chrono- 
meter with a plain uncompensated balance will lose one minute a day 
for the same difference. 

Tlie cause of this is, that in the case of a watch or chronometer, a 
change of temperature, in addition to increasing or diminishing the 
diameter of the balance-wheel, produces a very great alteration in the 
elasticity of tlie balance-spring. The error arising from this latter 
cause is at least live times as great as the error arising from alteration 
in the diameter of the balance. 





The method of compensation employed is the following. The 
rims B B of the balance wheel (see Fig. 257) are composed of laminae 
of braas and steel fastened together, the brass lieing upon the outside 
of the rim, and tlie steel upon the inside. With any increase of 
temperature, the brass endeavours to expand faster than the steel, but 
as it is rigidly, throughout its entire length, fastened to the steel 
(having in fact been melted on to it) it cannot well do this ; the only 
way it can manage matters is by bending iif the rim a little; it does 
this by increasing the length of the outside of the rim, as compared 
with the inside. 




376 


CHAP. IV.] APPLICATIONS OF THE LA OF HEAT. 

m 

By this means tlio weight is carried a little way in towards the 
axis of motion, which reduces the time of the swing of the balance, 
at a sufficient rate, to compensate for its slower motion, due to the 
loss of elasticity of the balance-spring. The reverse action takes 
place with any fall in temperature. 

The effect of the compensation may be altered by sliding the 
weights CC towards or away from the ends of the rims. 

The action of this balance, although sufficiently accurate for 
ordinary purposes, still leaves a small error at wide ranges of tempera- 
ture. For instance, supposing that you so arranged the position of 
the weights upon the rims that the chronometer should go right at a 
temperature of thirty -two degrees and sixty- six degrees ; if you raised 
the temperature to one hundred degrees, 
you M^ould find that your chronometer 
would lose four seconds a day ; and you 
could not alter this error by sliding the 
>\ eights further along the rims to in- 
crease tlieir action in the heat ; because 
by doing so, you would increase their 
action in the cold ; and then the chro- 
nometer would lose in that direction. 

The best that you could do, would be 
to divide the error and leave the chro- 
nometer losing two seconds a day in tlie p., . ,,, b«ia..ce 

heat, and two seconds a day in the cold. 

The cause of this error — ^this secondary error, as it is called — is 
that the time of the swing of the balance varies, not as the distance 
of its weights from its centre, but as the square of that distance. 
Consequently it requires a greater motion of the weights inwards 
than outwards to produce the same difference of time. The late Mr. 
Dent, who was the first to point out the cause of this error, designed 
the following arrangement ^Fig. 258) for correcting it : — 

r r is a flat compensation bar, formed of brass melted on to steel, 
the steel being uppermost. The two loops or staples, s, t, s, t, fastened 
at each extremity are also compensation pieces, the brass being upon 
the inside. The compensation weights, v v, are mounted upon upright 
rods at the extremities of these loops. When there is any increase of 
temperature the main bar, r r, bends upwards, and tilts in the staples 
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and the rods at their ends. But the staples, being compensation 
pieces themselves, open in the heat, and advance the weights a little 
further in iipon their own account : they assist the main compensatioti 
in the heat. In tlie cold, however, they reduce it ; the main bar, r r, 
bending downwards tilts out the weights, but in this case the staples 
close a little, and bring back the weights a small portion of the way 
again. Thus you get increased action in the heat, and reduced in 
the cold, which compensates for the secondary error. The effect of 
the main compensation is altered by raising or depressing the weights 
u]K)n tlie rods, as they tlieii work at the extremities of longer or 
sliortei* levers. 


§ 111. — Distillation. 

There are two phases in tlie operation to whicli the name of dis- 
tillation has been given — an operation which is intended to separate* 
a li(£uid from solid matters in solution in it, or from another liquid 
with wliich it is mixed. 

.The finst phase consists in reducing the licpiid to a state of vapour 
by iKiiliug. If it contains foreign substances in solution, such as 
salts, as is the case with most ordinary waters from springs, or rivers, 
or the sea, the watery part alone is vaporized — the foreign substances 
remaining at the bottom of the vessel — and their separation is thus 
effected. If tlio mixture is with a liquid of another kind, boiling 
will still separate them, at all events partially, provided the boiling 
points of the different liquids is not the same, because one of the 
liquids will rise in vapour before the other. 

Since the end proposed in both cases is to obtain in more or less 
purity the liquid in question, it must be made to change its state 
again after having lieen reduced to vapour, and to return to its primi- 
tive condition. This is the object of the second phase of distillation, 
and it is easily accomplished by cooling and condensing the vapour. 

Distillation is a long known industrial operation, and used to be 
carried on by means of an apparatus known as an alembic, Fig. 259. 

Tliis consists of a boiler a, called the cucurbit, surmounted by a 
retort, h c, called the head. When placed on the fire and filled with 
the water to be distilled, it communicates at d with the i>art of the 
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apparatus called the coil, because it is twisted in a helix. The vapour 
produced by boiling rising above the water in the cucurbit, is carried 
to the coil and there condenses by contact with the sides, which are 
kept constantly cool by a vessel of water in which tlie coil is plunged, 
llie distilled water is collected outside this vessel in a bottle, g. The 
constant condensation of the vapour can only take place by the ex- 
change of the heat of vaporization with tlie water in the vessel e, and 
its consequent elevation of temperature. The cold w^ater must theie- 
lore be renewed as fast as the distillation is effected, and this is done 
by means of a tap K, which brings the cold water to the bottom of 
the vessel through the funnel // and tube d, vliile the warm water 
luns away from the top bv the pii»e ? 
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The alembic is employed on shijiboard for distilling sea w^ater, and 
is able to a certain degree to supply fresh water for the requirements 
of the crew. Water distilled in this w^ay is worth about a halfpenny 
a gallon. 

A distilling apparatus is more complicated when we have to deal 
with a mixture of liquids unequally volatile, such as alcoliolic luiuids. 
With an ordinary alembic indeed, and several successive distillations, 
we can obtain the concentrated liquid sought for to a certain degree of 
purity, but in this case the liquid, as alcohol for example, always has 
a burnt flavour, and this must be destroyed. 
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This result is accomplished by an apparatus such as that of which 
Fig, 2G0 represents the appearance, and which we Mull succinctly 
describe. 

A is the boiler directly heated by the fire. B is another boiler 
heated by the gases of c.onibustion whose heat is thus utilized. Two 
i*efrigerators, R, R', contain coils in which the condensation of the 
vapour of the distilled liquid takes jilace. Eveiy part of the apparatus, 
both boilers and refrigeratoi's is filled with the liquid, say wine. It is 
introduced first into the refrigerator R' and it runs by an overflow pipe 





Pio 160 ~>Laiigi«r s appAntiut fur ilie diitlUation of alcohol 


into R, thence by the pipe a into the boiler B and by the pipe t into 
the boiler A. The vapour follows a precisely opposite course. From 
A it passes by t' into the boiler B ; from here by b, it passes to U, 
where it partly condenses in a series of partial coils. The condensed 
liquid returns to B by the pipe e common to all the coils ; and the 
portion of the vapour which remains uncondeused passes on to the 
coil R and is there condensed in its turn. 

It is set in. action in the following way. When the liquid has 
risen in B to the level of the rose, the pouring in is stopped, the boiler 
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A is three parts filled, and the heating is commenced. Tlien while 
the alcoholic portion is condensed in the coil in K', the more aqueous 
portion returns to B, raising its level, while that of A is lowered. 
When the latter is only a quarter full, the residue is emptied by the 
discharging tap. The tap t is then opened, and A fills itself at the 
expense of B ; after which more is poured in at r, w ithout stopping 
until B, which receives liquid from three sources, is again filled and A 
is reduced to its tormer state. All then commences again, and the 
operation is continued indefinitely. 
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The distillation of wine, and of all the fermented liquors obtained 
from cereals, as wheat, rye, barley, maize, potatoes, beetroot, &c., is 
widely spread in all European and Americau countries. It is the 
final opemtion of a considerable industiy, that of the preparation of 
alcohol. The distilling apparatus are very various. In France, be- 
sides Laugier’s apparatus just described there are (.'nil’s and Cbam- 
ponnois’s ; in Geimany, Dorn’s, Tistorius’s, and Gall’s ; in England 
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Coffey’s/ represented in Fig. 261. We may refer to Wurtz’s Die- 
ii<yiiary of Chemistry for a description of these, as it is sufficient here 
just to indicate their physical principle. 


§ IV.— Evaporation of Salt Waters.— Water-coolers.— 
Manufactture of Toe in Bengal. 

A great part of tlie salt (sodium chloride) we require comes from 
sea-water, of wliich it forms about ^ or P^^rt. By evaporation in 
the open air in large shallow basins, the sea water is concentrated by 
degrees, and tlie salt is deposited on the bottom of the basins in the 
form of ciystals, and on the surface of the water in a thin solid crust. 
The e^ ai>onition is hastened by the rise of temperature diie to the 
sun’s ray.s, and by the wind. It is therefore in the hot season that the 
salt is collected in the brine pits, and the series of very simjde mani- 
pulations carried out that constitute this industry. The salt is piled 
up in heaps which are left exposed to the air for a certain length of 
time to allow of the diliciuescent substances which may be mixed 
with it to dissolve ; the salt thus drained is afterwards sent into the 
market. 

iSalt is also obtained by the evaporation of tlje water of salt 
springs, but as these contain ordinarily only a small proportion of 
salt, they have first to be concentrated by being submitted to a prior 
evaporation in the oj)en air, after which the process is completed by 
bubmitting the concentrated waters to the action of heat. The salt is 
dejKisited in the boilers by which this second oi)eration is carried on. 

Tlie evaporation of salt waters in the open air is accomplished in 
the following manner. Heaps of faggots are piled up and supported 
by a frame-work fixed over the basin in which the water is received 
(Fig. 263), this water escapes by a series of flow pipes a,a. . . , from the 
troughs AB, CD, situated on the upper part of the fntme-vork, to 
which is given the name of graduation pile {hdtiment de (fraduation), 

* “To give an idea of the dinieiiwona of Coffey’s apparatUK, we need only 
tuention that Meaara. Currie, of Bow, obtain annually more than 4,075,000 litres of 
alcohol, 65 degrees above proof, from the distillation of the fermented must of barley 
and oats, with the addition of malt. This single house pays a duty of £4(K),(KH» 
p<»r aiinuiii.” — Dutionart/ of (lieinistrij, Art. “Alcohol.” 
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and which is fixed so that its longest side may be in a direction perpen- 
dicular to that of the prevailing wind. Tlie water thus trickles down 
over the branches and little twigs of the fagots so that it presents a 
large surface to the air ; evaporation is then very rapidly effected, 
and the water in the basin becomes much more concentrated than that 
of the supplies. It is drawn up again a second or a third time by tlie 
pumps P, P', until a sufficient degree of concentration is effected 
and tlie evaporation is completed in the boilois. 
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The porous vessels to which the name of water-coolem' is given, 
and which serve to keep the water cool in summer, are known to all. 
The property which this kind of bottle possesses is due to the* 
cold resulting from the evaporation of th^ water from the outer 
surface. The water which soaks through the sides, and evaporates, all 
the faster when the air is warm and less saturated with vapour, is 
constantly replaced from the water within. The decrease of tempe- 
rature resulting from this evaporation prevents the water in the 


* Galled in Spain alearraza^ n word derived from the Arabic nl q'intz, a juji. 
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bottle getting hot, as would be the case if the sides of the vessel 
■were impcnneable. 

It is this evaporation, so abundant and so rapid on clear nights, 
which gives rise to the formation of dew, which is a condensation of 
the vapour in the air in little drops on the surface of exposed objects. 
When the resulting cold is sufficiently intense the drops freeze and 
I)roduce hoar-frost. In Bengal, where the temperature is too high for 
ice ever to form naturally, it is obtained artificially in the following 



Fig :io».~>Grftdu«tion |rlle for the et aporatiun of salt waten. 


manner. Tyndall explains in these terms ^ the process employed, and 
the cause of the physical phenomenon of which it is an application : — 
“ Wells (the author of The Theory of Dew) was the first,” he says, 
"to explain the formation artificially of ice in Bengal, where the 
substance is never formed naturally. Shallow pits are dug which are 
partially filled with straw, and on the straw fiat pans containing 
' Heat (u a Mode of Motion, p. 461. 
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water are exposed to the clear firmament. The water is a powerful 
radiant, and sends off its heat copiously into space. The heat thus 
lost cannot be supplied from the earth, this source being cut off by 
the non-conducting straw. Before sunrise a cake of ice is formed in 
each vessel. This is the explanation of Wells, and it is, no doubt, 
the true one. I think, however, it needs supplementing. It appears 
from the descriptions, that the conditions most suitable for the forma- 
tion of ice is not only a clear air — but a dry air. The nights, says 
Sir Robert Baker, most favourable for the production of ice are those 
which are clearest and most serene, and in v^hich very little deir 
appears after midnight. The italicized phrase is very significant. To 
produce the ice in abundance the atmosphere must not only be clear, 
but it must be comparatively free from aqueous vapour. When the 
straw on which the pans were laid became wet, it was always changed 
for dry straw ; and the reason W^ells assigned for this was, that the 
straw, by being wette^l, was rendered more compact and efficient 
as a conductor. This may have been the case, but it is also certain 
that the vapour rising fmm the wet straw and overspreading the pans 
like a screen would check the chill and retard the congelation.*’ 


§ V. Artificial Manufacture of Ice. 

Ice is very largely used in these days in all civilised countries, 
as it serves not only for cooling all sorts of diinks in summer — for 
making ices, creams, &c. — but is used also in medicine and surgery in 
the treatment of certain diseases and in dressing wounds. Its con- 
sumption in Europe and America is considerable. It is obtained in 
blocks from Russia, Sweden, and Norway, and from the surface of the 
lakes in Canada, whence it is carried by sea to the southern countries. 
To transport these blocks without exposing them to melting by the 
milder temperature of their destinations, they are armnged in layers 
in boxes, which are surrounded and separated by sawdust. "J'he 
slight conductivity of this material is sufficient to protect the ice 
during the voyage. On its arrival it is kept in ice-houses, from 
which it is taken when required. 

But it has been attempted to make it on the sj>ot, and at the 
moment it is wanted* The apparatus invented for this purpose ai’e 
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founded on the same principle as that we have explained already, 
namely, the cold produced by rapid evaporation. 

A cylindrical boiler, partly filled with a solution of ammonia, is 
placed on a furnace till a temperature of 130° C. is attained, which is 
ascertained by a thermometer whose stem passes through the cover. 
The ammoniacal gas is disengaged, and passes by a conducting tube 
into a refrigerator or vessel in the form of an inverted truncated cone, 
plunged in a tub of cold water. In the inside of this refrigerator is 
placed a cylindrical vessel containing the water to be frozen, and this 
is the way in which the result is obtained. The ammoniacal vapours 
which are incessantly disengaged from the boiler are cooled by the 
water in the tub, and are in addition submitted to an increasing 



jiressure, they condense, the gas liqirefies and remains inclosed in 
cups fitted to the sides in the annular space surrounding the central 
cylinder. The furnace is now replaced by a tub of cold water — the 
water in the boiler, on cooling, l>ecomes able again to dissolve the 
ammoniacal ga.s, which rapidly returns to its gaseous state. This 
evaporation necessitates an absorption of heat which takes place at 
the expense of the central vessel and of the water which it contains, 
a block of ice can then be soon taken out of it. 

The appoiatus just described, which is represented in Fig. 264, is 
for domestic use, as the quantity of ice it can produce is small. 
Ihe larger apparatus constructed by the same inventor for the 
comm^ial manufacture of ice is arranged differently. 
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* A is the boiler where the solution of ammonia is heated. The gas 
which escapes from it is carried to the receiver, b, where it liquefies 
by cooling, c is a reservoir out of which a jet of cold water con- 
stantly runs to renew the water in the receiver. The liquefied gas 
passes on to fill the hollowed sides of the refrigerator, g, where ves- 
sels filled with the water to be frozen are placed. The water of 
the boiler, deprived of its dissolved gas and cooled, then passes 
into a vessel, e, which is in communication with n, and with 
the refrigerator. The liquid ammonia resumes the gaseous state, to 
dissolve again in the water in the vessel E, and it is by the cold 
caused by this evaporation that the water freezes in the vessels 



Flo 20 » — b large appaiatua for the artitieial inaniifaciure of lec 


placed within the refrigerator. The water restored to its original 
state again, is raised by a pump, f, to the boiler, so that the manufacture 
of ice goes on in an almost continuous manner. 

We next give some further details on the artificial production of 
ice based on the cold that results, not only from tlie brisk evaporation 
of a liquid, but from the solution of certain substances. The cause is 
still a change of state, but here it is a liquefication of a peculiar 
kind, requiring molecular 'work, and, in consequence, absorbing a 
* c c 
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more or less cowsideiable quantity of heat. The set of substances 
thus mixed to pioduce cold is called a freezing muiure. The 



Fk. — I(t juiil 1 1 « 2(»7 — Goubaudh ice nuthim 


following are some ot the freezing mixtures most commonly em- 
ployed . — 

Two parts of siiou or pounded ice with one part of salt })roduce a 



Fio. 268 — Roidoug iC6 marhitie 


cold which may reach 21* C. below zero, five of ammonia chloro- 
hydrate, live of poraaaic nitrate, eight of sodium sulphate, and sixteen 
of water, produce a cold of 15®. , 
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One part of ammonia nitrate and one of water give a maximum 
effect of 15°. 

Lastly, three of snow and four of hydrated calcium cliloride give a 
cold of 48°. 

The following are some of the apparatus based upon this action : — 
A mixture of pounded ice and salt contained in a pail into which is 
introduced a vessel witli the syruj), juice, or cream to be fiozen, or, 
according to the usual expression, to be turned into ices, is one of the 
simplest of these machines — It is called the ice-pail (Fig. 26G). 



Fitj 2/10 — Fiimil} ice*niarhiue 


Figures 2()7, 2G8, and 2G1) represent ice-machines for family use, all 
constructed and based on the principle that the cold produced by 
solution, which is made available, either by the movement of a rocker, 
or by a rotatory movement impressed on the refrigerating liquid by 
means of a handle and plates arranged in a helix surrounding the 
vessel containing the water or syrup to be frozen. In the family 
ice-machine the melting water from the ice drips through the bottom 
and sprinkles the bottles of wine, which are thus cooled, or as the 
gourmands say, iced. 


c c 2 
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The most recently invented process of ice-making is that devised 
by M. Pictet, who utilizes sulphurous acid. The following is a 
description of a machine' which can pi'oduce 250 kilogrammes of 
ice per hour : — 

A cylindrical tubular copper boiler has a length of 2 metres and 
a diameter of 35 centimetres ; 150 tubes of 15 millimetres traverse 
its entire length, and are soldered by their extremities to the two 
ends. This first boiler is the I'efrigerator. It is placed horizontally in 
a large sheet iron vat, which contains 100 tanks of 20 litres each. 
An incongealable liquid, salted water, is constantly circulating in the 
interior of the refrigerator by means of a helix. This liquid is re- 
cooled to about — V" in a normal course, and it is in contact on its return 
with the sides of the tanks which contain the water to be frozen. 

In the space reserved between the tubes of the refrigerator, the 
sulpliurous acid liquid is volatilised, its vapours are drawn up by an 
aspirating force-pump, which compresses them without the condenser. 
This condenser is a tubular boiler, the same as the refrigerator ; only 
a ciu-rent of ordinary water passes constantly into the interior of the 
tubes to carry ofl' the heat produced by the change of the gjiseous 
into the liquid state of the sulphurous acid, and by the work of com- 
pression. A tube furnished with a gauge tap, adjusted by the hand 
once for aU, permits the liquefied sulphurous acid to return into the 
refrigerator to be subjected anew to volatilisation. 

The work necessary to manufacture 250 killogrammes of ice per 
hour is at the most seven-horse power. 

A cold of T in the Ijath is amply sufficient to obtain in the tanks 
a rapid and in every way economical congelation. 

With these mechanical arrangements the following important 
advantages are realised : — 1. The pressure never exceeds four atmo- 
spheres. 2. There is never any entry of air to fear, the pressures, as 
far as — 10° C., being always above that of the atmosphere. 3. The 
volatUe liquid employed is perfectly stable, undecomposable, and 
without chemical action on metals. 4. All greasing in the machine is 
dispensed with. 5. The volatile liquid is obtained at a very low price, 
and it is accompained ly^ no danger of explosion or fire. 6. The cost 
of production of the ice approaches very near to the theoretic 
minimum ; it is about 10 francs per ton of ice. 
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CHAPTER V. 

THE STEAM-ENGINE. 

§ I. The Motive Poweu of Steam. 

T he ancients were acquainted with the elastic force of steam, and 
without having any very clear or precise notions of its physical 
properties, they endeavoured to avail tliemselves of it. 

For this purpose Hero of Alexandria invented the machine to 
which he gave the name of colijti/le, as well as other apparatus in which 
the action of compressed or rarefied air was called into play. We 
shall see, in fact, that the movement of the eolipyle was simply caused 
by the expansive force of the steam, though working in an entirely 
dilferent manner from that of a modem steam-engine. 

It consisted of a pot or boiler, partly filled with water, placed on 
the fire, and closed by a lid. Over this was fixed a hollow bent tube, 
with a tap, which supported and communicated with the inside of 
a hollow metallic sphere, which was also supported at the opposite 
extremity of the diameter by another tube not communicating with 
the inside. The sphere was movable about this axis of support. 
Two other hollow bent tubes projected from the surface of the sphere 
in a direction perpendicular to the axis of rotation. With this 
explanation we can easily understand the motive power of the steam 
in this little apparatus. The tap is opened, the steam rashes from the 
boiler to the tube and fills the sphere. If this were entirely closed, it 
would remain motionless, but the steam which exerts the same pres- 
sure on all points of the inner surface of the sphere, finding two 
openings, escapes with a noise as it condenses in the air ; the reaction 
which would produce equilibrium if the sphere were entirely closed, 
exerts a force in the contrary direction; and the sphere revolves 
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with greater or less rapidity in the opposite direction from that in 
which the steam issues. 

The eolipyle (u Inch signifies an eolian or air opening) is, as we 
have seen, a machine where the elastic force of the steam works by its 
reaction. It has never been more than an amusing physical toy, in 
spite of its liaving attracted the attention of savants and of experi- 
mentalists before the time of Papin, and of a proposal being made to 
utilize it for turning jacks. 

Some thirty years ago, however. Sir Arthur Cotton succeeded in 
driving the fan tor the air-blast of an iron-founder’s furnace by means 
of one of these engines, and has during the present year (1876; been 



making further experiments with a view of apjdyiug the principle to 
useful purjKises. 

The apparatus described by Solomon Cans in his pamphlet, Les 
Raisons des Forres Mouvantr^ (1605), is a more direct example of the 
application of the expansive force of steam. Water is introduced by 
the tap, D, into the hollow sphere, a, which is placed on the fire after 
closing the tap. A tube, BC, passes by another opening, b, into the 
water, without touching the bottom. When the steam has been gene- 
rated in a sufficiently large quantity, and its tension is great enough, 
the tap of B is opened, and the water, pressed upon at its upper 
suriace by the elastic force of the steam, is forced out of the tube. 
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A complete and detailed account of all such endeavours, and of the 
rough mechanical means by which it has been attempted to utilise 
the various forces of nature — such as that of compressed and rarefied 
air and of steam — has an interest of its own in regard to the history 
of the progress of the application of human knowledge. But all 
this would only be seriously instructive at the time when physics, 
escaping from tlie period of subtle and unsuggestive explanations, was 
entering upon that of experiment under the impulse of Galileo, Boyle, 
and Huygens. The steam-engine could only have been invented, 
or have received those improvements which make it a really practical 
motive power, in an age that had seen the di covery of the properties 
of air, the barometer and thermometer. Papin and Watt are the 
offspring of Torricelli and Galileo. The steam-engine is the cliild of 
two simide and fertile inventions; that of the harometer, which 
proves and measures the atmospheric pressure, and comjiares it 
with the elastic force of gases and vapours ; and that of the thermo- 
meter, which measures the degi’ees of heat. The means of producing a 
vacuum, wdiether in the barometric tube, or in a receiver from which 
the air is exhausted by a pump- -the valuable invention of Otto von 
(iuericke — had also been discovered when Denis Papin, of whom 
France may well be proud, laid the foundations of the greatest 
industrial revolution the world has ever seen. 

But that we may follow accurately the train of ideas which passed 
in the minds of those great men whose names are associated with the 
invention of the steam-engine, it is indispensable to enter into some 
preliminary details 


§ II. Papin. — First Attempis. 

As early as IGSO Huygens had proposed to utilize the expansive 
force of gunpowder in the following manner. In a cylinder provided 
with a movable piston he caused a certain quantity of powder to be 
exploded, and the violent expansion of the gas drove the air contained 
in the cylinder out of two openings so arranged that they closed 
again immediately. A vacuum was thus made, or at least a partial 
one (on the cooling and consequent loss of pressure of the gas con- 
tained in the cylinder), so that the atmospheric pressure acted on the 
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upper face of the piston with a force proportional to the surface, and 
having a definite relation to the degiee of exhaustion obtained. 

A humble Fi'ench physicist, Denis Papin, whom the revocation of 
the Edict of Nantes forced into exile, afterwards^ tried to improve 
upon the machine proposed by Huygens ; a machine which, moreover, 
in the opinion of its inventor, “ could be used not only to raise all 
kinds of heavy weights, and water for fountains, but also project 
bullets and arrows with considerable force, like the balista of the 
ancients.” But shortly after, in 1600, he proposed to substi- 
tute for gunpowder another agent, which, like it, could produce a 
vacuum beneath the piston, and leave it exposed in this way to the 
whole pressure of the atmosphere. 

This agent M^as steam, with which Papin was already familiar, since 
ill 1681 he had invented his celebrated boiler, or new digester, of 
which we shall speak hereafter. We now give briefly a description 
of the first steam-engine as it was conceived by Papin, and the 
exjJanation of its effects which is easily intelligible. 

In Fig. 272 B is a jiiston provided with a vertical rod, D, and 
movable in a cylinder of the same diameter, into the inside of which 
is introduced a little w^ater. In the piston is bored a hole which 
can be closed at pleasure by the rod M. 

Let us suppose the piston placed in the cylinder just in contact 
with the w ater (wliich has passed tlirough the opening, which is then 
closed by means of the rod). Let us now^ place the cylinder, w hich is 
made of metal, upon a hot lire. The w’ater is soon reduced to steam, and 
this, by its elastic force, overcomes the weight of the piston and the 
l)ressure of the atmosjjhere, and drives the piston to the top of the 
cylinder ; when the piston arrives at the end of its stroke, a narrow 
rod, c, movable about one of its ends, and until now kept in contact 
with the piston-rod by the spring, g, enters an opening in the rod, 
as soon as that opening is brought opposite its extremity by the 
ascent of the piston. At this moment then the motion is stopped. 
We now take away the fire from beneath the cylinder, and it and the 
water contained in it becomes cool, the vapour condenses, and a 
vacuum is produced below the piston, so that if the rod be taken out 
of the opening in it, it will be pressed down by the w^eight of the 


^ The first attempt dates from the year 1688 . 
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atmosphere, and advemtage may be taken of this considerable pressure 
to enable it to raise weights. 

In one word, the arrangement of Papin's machine is slightly 
different from that in which Huygens made a vacuum by gunpowder, 
but the effect produced is the same. Only it is steam that works 
it, and its elastic force raises the piston, and its condensation by cold 
makes the vacuum. 

Let us insist here upon two facts — Papin in this original steam- 
engine, employed at first the elastic fluid at a pressure a little gi*eater 
than that of the atmosphere ; he then made use of 
it as a motive power to raise the piston, afterwards 
he condensed it by cooling so as to make a vacuum, 
and then the atmospheric pressure becomes the 
true motive power, and accomplishes the work for 
which the machine is constructed. Later he modi- 
fied his first conception, but not happily, as we 
must confess, and it is the engine just described ^ 
that constitutes his great title to honour, and 
liis incontestable nght to be considered as the 
inventor of the steam-engine. 

l^apin first proposed to use Ids engine as a 
pump ; for this purpose the water was admitted 
by a suitable valve below the piston, steam was 
then admitted above, and by its expansive force 
drove the water up and out by the out-flow pipe. 

His engine differed from the one subsequently sug- 

gested by Savery mainly in the employment of the 

piston, while the latter allowed the steam to come in contact with 

the water, thus losing a great deal of power by condensation. Papin 

later intended to employ his engine as a prime mover by causing the 

water issuing from the cylinder to work a water-wheel. 

Both Savery and Papin got as far as producing the steam in one 
vessel and using it in another, but it remained for Watt to make the 
next most fundamental improvement, viz, that of condensing in a 
separate vessel, as well as separating the steam cylinder from the 
pump-barrel. 

Although Savery conceived the happy idea of producing the 
steam in one vessel and condensing it in another; yet his engine 
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is ill every other respect a step backwards from Papin’s. In fact, the 
elastic force of the steam was employed in it to drive back the water 
directl}", Idle l^apin used it to produce motion in the piston — a 
movement which it is only necessary to transform by jiurely mechani- 
cal processes to rentier the engine a universal prime mover. 

We will briefly describe the j>rinciple of the modern steam-engine, 
anti the principal parts of wliich it is com]K)sed. 

First, and above all, a means must be devised tt) develop the force, 
that is to say, to protluce and collect a certain quantity of steam. 
This is accoinjdished by heating a boiler filled, or partly filled, with 
water. This is the steam generator, one of the three essential parts or 
constituents of the engine. 

From the boiler the steam passes into a chamber of cylindrical 
form, divided into two parts by a movable piston ; it is here that, by 
special arrangements, the steam acts first on one side and then on the 
other of the piston, so as to give it an alternate to and fro motion, 
which is the direct object of the machine. 

This form is called a double-acting engine. All the earlier and 
many even of the most efficient engines of the j)resent day, the 
“ (’omish engines,” lor examide, are single-acting; that is to say, tlie 
steam is emjdoyed only to drive the piston one May, it is then allovred 
to escape into another vessel purposely kejit cool, where it condenses, 
leiiving the unbalanced pressure of the atmosphere to drive the 
piston back again. 

The cylinder, the jiiston, and ac<*cHsories, M’liich distribute the 
steam in the tM*o chambers ot the cylinder, constitute that part of the 
engine called the prime mover. It is the engine, properly so-called, 
tlie action of M’hich would not 1 h.‘ m^cII understood Muthout entering 
into further details. 

Consider Fig. 273, M’hich represents the steam-engine reduced to 
its essential parts, c is the boiler where the water is converted into 
steam, which fills i^s upper part as well as the pipe vv. This pipe 
conducts the elastic vapour into a chamber b next to the cylinder, 
called the valve dust. Two taps r’k’ admit the steam, according 
as one or the other is open into the upper chamber B or the lower 
chamber A of the cylinder. First suppose the upper tap open and 
the lower closed. The steam passes into b, where it presses upon 
the piston, and tends to impress upon it a descending motion in 
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the cylinder ; when the upper tap is closed and the other opened, 
tlie steam will pass into A, where it will work on the lower surface of 
the piston and tend to make it rise. 

But here a difficulty presents itself — if the steam is present at the 
same time in A and B, since its elastic force is the same on both sides, 
its action on tlie lower face will exactly compensate its action on the 
upper face and no motion will he produced. 

Some means then must be found to destroy its elastitj force as 
soon as it has acted, and this alternately in the two chambers of the 
cylinder. This is accomplished by opening successively the taps ir,R’ ; 
by which the steam is ])ermitted, after forcing tlie piston to the 
opj)osite end of the cylinder, to escape freely into the open air, or 
to pass into a vessel which 
contains cold water, the 
sides of till* chamlKir being 
also kept at a low tempera- 
ture. As soon as the steam 
reaches this chanil)cr, which 
is called the condenser, it is 
almost entirely precipitated 
in the form of liquid, and 
what remains is at a very 
low pressure, far inferior to 
that of the steam either in 
the boiler or the cylinder. 

This arrangement is necessary in engines in uhich the steam acts 
with a tension not much greater than that of the atmosphere ; when 
the tension of the steam is equal to sevenil atmospheres, a condenser 
is no longer required, the condensation may take place in the open air. 

It is easy to see then that in either of these cases the difficulty is 
overcome ; for if we imagine the upper tap R open and the lower one 
closed while the upper tap r' is closed and the lower one opened, the 
steam enters B where it exerts its force, while that which is in a 
condenses, and a vacuum is formed below the piston which descends to 
the bottom of the cylinder. At this moment the taps are reversed ; 
the steam in the boiler enters a, that in b condenses, and the piston 
is lifted from the bottom to the top. And so on indefinitely- 

This then in iti principle and fundamental arrangements is the 
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modern steam-engine. An alternate rectilinear motion is obtained by 
the action of the elastic force of steam in a completely closed cylinder ; 
which action ceases immediately that the steam is condensed by cooling. 
The motion being obtained, all that is required more is to apply it to 
a useful purpose by tninsforming in a thousand ways, according to the 
requirements of the manufacturer, or the use to which it is to be put ; 
whether, for example, it is required for great power or great speed, or 
speed and power combined. The machinery wliich carries out this 
transformation is a third element w^hich we must study in order to 
complete the description of the steam-engine, which thus includes — 

The steam generator or boiler. 

Tlie driving and distributing machinerj^ or prime mover. 

The macliinery for transmission. 

We will now study in detail each of these parts of the engine. 


§ III. — The Boiler, or Steam Generator. 


The forms of boilers now adopted are so numerous that we cannot 
attempt even to enumerate them all ; it will be amply sufficient for 
l)resent purjKises to explain in what the principal systems resemble 
each other and in Avhat they differ. But before pointing out this we 
must describe rather more particularly an example of one of them. 
We will take the boiler most commonly adopted in manufactories 
whera stationary engines are employed, that is, engines erected 
and fixed in the place where they are to w^oik. Fig. 274 gives an 
exterior view of one. We will explain the interior arrangements. 

On the upper part of the brickwork rests a large wrought-iron 
vessel of a cylindrical form throughout its whole length, and having 
a hemispherical termination at either end. This is the body of the 
boiler, the chamber which contains the greater part of the water to 
be vaporized. Figs. 275 and 276 — the one a transverse section, the 
other a longitudinal one — show it at c. 

Below the principal body are two, sometimes thrae, long cylin- 
drical tubes B B, which communicate with it by short tubes. 

These heaters, completely filled with water, are directly exposed to 
the furnace, whose flames play upon their outer surface, and it is 
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obviously in these that the greater part of the heating takes place, and 
hence they are appropriately called heaters. 

The two figures indicate with sufficient clearness the positions 
and dimensions of the furnace, the grate and the ashpit, on which no 
more need be said. 

With regard to the chimney, its base is seen at u, and we can 
follow the course of the smoke and the gases of combuistion, from their 
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origin in the fire to the chimney bottom, through flues c c, which 
pass between the heaters and the boiler. 

The position of these flues must be taken note of. The one 
below the heatem causes the flame and the heated gases to pass to the 
end of the furnace and heat the heaters themselves directly. From 
thence the gases mount by one of the two upper lateral flues, and 
part with a portion of their heat to the boiler with which they come 
in contact. And lastly, a third passage conducts them through 
another flue, to escape up the chimney. 
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The object of these arrangements is easy to understand. It is 
to utilize as far as possible the heat arising from the fire, whether 
this is accomplished by the contact, or direct action of the flame, or by 
the gases of combustion, which, although not luminous, contain not- 
withstanding an enormous quantity of heat. This heat, therefore, 
would be entirely lost if the gases as they left the fire were allow^ed 
to escape immediately into the open air. 

It is the same idea which led to the invention of the heaters. The 
original boilers were hemispherical on their lower side, thus presenting 
but little surface to the action of the fire — considering the mass of water 

to be vaporised To increase 
the heating surface of the 
boilers was one of the first 
improvements which the con- 
st ructors of steam-engines 
(Watt being the first) at- 
tempted to make. The object 
IS simply to economize the 
fuel — a jiroblem the solution of 
which, after mueh successful 
lesearch and progi’ess having 
been made, is still the desi- 
deratum in those industries 
which employ steam power. 

It seems, after what we 
F.., juSt Said, that if tllC 

gases of combustion, when 
tliey arrive at flu- base of the chimney, could be cooled down l(t 
the temperature of the external air, all the heat would be utilized, 
since the heat ot the fuel could have been entirely extracted. But 
this unfortunately is impossible ; or at least, if this result could 
he obtained, the draught and the renewal of air necessary for 
the continuation of the combustion would cease, or would he 
at least considerably diminished. If the coal burnt badly, and 
the heat of the furnace were not sufficiently intense, the hydro- 
carbon gases, which are disengaged in great abundance from the 
fuel, could not themselves be completely Immt. It is these that 
form the thick and black smoke which comes out so profusely 
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whenever a fresli supply of fuel is introduced into the furnace and 
cools it. 

The hot gases, in escaping u}) the chimney, serve to improve the 
draught. It is a loss which, within certain limits, is necessary, although 
the direct result is neither to heat the water nor to produce steam. It 
thus often happens that in industrial processes an innovation, wdiich 
seems to he an ad\ance fiom one point of view, is retrograde from 
anoth(‘r point of view. 
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It is time to say a word alxiut the chimney, which plays so large 
a part in kcejiing up the draught. The higher the chimney is, its 
diameter and the rest of the conditions of combustion remaining the 
same, the better is tlie draught. It is found by experience that the 
height of the chimney should be pro])ortionate to the scpiare of the 
intensity of the draught. 

The draught, that is, the volume of air passing, depends upon 
the height of the chimney and on the area of its cross section. 
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According to a rule given by Darcet, if the chimney have a height of 
twenty or thirty metres, the section ought to contain *0 V-y as 
many square centimetres as it is required to bum kilogrammes of coal 
per hour. So that a chimney twenty metres high ought to have a 
section of Yg, or forty square decimetres if the furnace is to consume 
180 kilogrammes of coal per hour. Its interior diameter, if it is round, 
must be *07 m., and if square, *63 m. 

Under certain circumstances the draught must be moderated. This 
is easily accomplished by means of a damper or movable valve, 
which is seen at E in Fig. 276, and by the aid of which the opening 
into the chimney for the smoke and gases of combustion may be 
diminished at pleasure. 

The form and dimensions of the bars, and the spaces between them, 
afford elements of great importance in the good performance of the 
furnace, in the activity of the fire, and consequently in the vaporiza- 
tion of the water in due proportion to the consumption of fuel. All 
this must be calculated, arranged, and constructed according to the facts 
of science and the teachinp of experience. 

To conclude our account of the furnace of a steam-engine, we may 
say one word upon a question which has attracted some atten- 
tion in industrial quarters ; we refer to the possibility of obtaining 
what is called a smoke-consuming furnace. The true question is this, 
to make a furnace in which no smoke is produced, or, to speak more 
correctly, in which the gases, disengaged from the fuel, may be burnt 
as completely as possible. When the draught does not furnish a 
sufficient quantity of air, the incompletely burned hydrocarbons 
escape in the form of thick and black smoke, a very disagreeable and 
undesirable substance — but which manufacturers wish to retain for a 
much more important reason, namely, that it is the best part of the 
coal that is thus lost without having produced any heat. 

But this great disadvantage of incomplete combustion may be still 
produced even when there is no smoke. For coal, besides the hydro- 
carbons just mentioned, which are first decomposed, as soon as the 
combustion commences, contains a quantity of carbon, which the 
oxygen transforms into carbonic oxide, and then into carbonic acid, if 
the draught furnishes a sufficient supply of air. If the draught is 
bad, the carbonic oxide escapes without having been completely 
burned, and it is possible in this way to lose a considerable amount of 
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heat in spite of the absence of smoke. In one word, a furnace called 
smoke-consuming is not necessarily the most economical. 

To return to the boiler. We have seen what is the form of the 
principal body and the two heaters. The latter are filled entirely 
with water, which reaches to a certain height in the boiler. The free 
space which is above the level of the water is filled with the steam 
before it passes to exert its force on the machinery of the engine : it 
is called for this reason the reservoir or steam-space. 

The steam-space ought to bear a certain proportion to the capa- 
city of the boiler, which is found to be in practice about one-third. 
The reason for the large size of the reservoir arises from the necessity 
of drying the steam formed as much as possible, for it almost always 
entangles minute particles of liquid which ought not to be introduced 
into the cylinder. With regard to the proper size of the whole boiler, 
that should be made in proportion to the quantity of steam to be 
generated in an hour under ordinary working Conditions. The 
force which steam at a high temperature possesses, and which 
is exertiCd first of all on the inside of the boiler, requires in this 
a power of resistance which cannot be obtained without certain 
conditions as to form, thickness, and quality of materials used. 
One of the best forms, as regards resistance, is the cylindrical, 
terminated at both ends by hemispheres. The material generally 
adopted is wrought-iron of the best quality, most carefully joined 
with rivets of great solidity. It appears that steel is beginning to 
be substituted for iron, but only in certain parts of the boiler : but 
this is chiefly a question of cost. 

Some years ago in France there was an official rule to regulate 
the thickness of the wrought-iron plates according to the mean 
pressures, calculated in atmospheres, that each boiler was called upon 
to bear, which is interesting jis showing the experience of the best 
French engineers. Tfie rule in question was this : Add to 3 milli- 
metres the product of 1*8 millimetres by the greatest working pressure 
expressed in atmospheres and the diameter of the boiler in metres.^ 

* Applying this rule to a boiler of 1*20® diameter, destined to support a pressure 
of 4 J atmospheres, and the whole thickness would be + 1 *8®*" X 1*20 x 4*5 » 


V D 
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§ IV. — Safety Appliances. 

We liave supposed the l)oiler proi>erly filled with water, which, 
when heated to the necessary temperature, furnishes to the steam-space 
a certain quantity of steam at the required pressure. 

It is of the utmost importance that the level of the water should 
not sink too low in the boiler, and that it should not rise in it above a 
certain limit : in either case a risk is run, which is one of the most 
frequent causes of the explosion of boilers. To obviate this,^or at 
least to indicate at any moment the exact level of the water in the 
boiler, an appliance is used called the water-gauge. 

Thus you may always see on the outside of a boiler fully exposed 
to view' a glass tube, I, which communicates by its two ends w'ith the 
interior of the boiler (Fig. 27fi). The w'ater has access to this tube, 
and stands there in virtue of the law of equilibrium of liquids. 

A temporary excess of heat, or the bad working of the feed-pipe 
owing to a sudden accident, might quickly lower the level and sur- 
)>rifte the engineer wdiiJe lie is occupied elsewhere. The water-gauge 
w'ould then be of no avail It is necessary to add one or other of 
the various systems of floats, which indicate the insufficient height of 
the level by making a noise. Such are, for example, the alartn float 
and the maynefir float. 

A float (it is generally a hollow metal ball) rises and falls with 
the level of the w'ater in the boiler. It is supported by a rod, which 
forms one arm of a lever turning about a fixed point ; the other arm 
suppoits a counterpoise. Within the proper limits of the water level 
the rod holds a valve against the opening into a pipe in communica- 
tion with the outer air. If the level of the water falls below' these 
limits, the float falls with it, and causes the valve to open. The 
steam escapes by the tube and emerges by an annular orifice, where 
it encounters the sharp edge of a bell, a, which it causes to vibrate so 
as to produce a very intense and prolonged sound. 

The stoker is warned of the danger by the unusual sound ; and 
hence the name alarm-float given to this apparatus. 

The dial gauge (f, Fig. 276) is formed of a disk, which a chain, 
passing round the grove of a pulley attached. to the dial, sustains and 
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keeps in equilibrium by a counterpoise. The motion of the pulley, 
caused by the variations of the level of the water, communicates 
itself to a needle, which indicates in this way the height of the w^ater 
in the boiler. 

In the magnetic gauge of M. Lethuilier-Pinel, whicli is now much 
employed in France, the motion of tlie float shows itself by means 
of a rod which raises or lowers a horse-shoe magnet ; in front of tlie 
poles of this magnet, a magnetized needle, movable under the in- 
fluence of their attraction, passes over the divisions of a graduated 
scale wdiich marks the level of 
the water in the boiler When 
this level sinks to an unusual 
and dangerous degree, the magnet 
carries with it the arm of a lever 
that opens a valve, previously 
closed by a spring. The steam, 
which emerges freely from the 
boiler into the tube containing 
this mechanism, escapes and 
whistles outside, and so warns 
the stoker of the danger. 

The safety a])pliances of a 
steam-engine are not conlined to 
the w^ater gauges, since the causes 
of explosion do not arise exclu- 
sively from the insufficiency of 
water in the boilers. Under certain 
circumstances the steam might 
acquire an elastic force surpassing 
the limits of pressure for which the 
prevent this, safety-valves are used, the ordinary arrangement of 
which is represented in Fig. 276 at s, s. 

How then can we ascertain at each instant, during the working of 
the engine, the variations of the pressure of the steam ? The instru- 
ments which furnish this indication in atmospheres are known by 
the name of pressure-gauges. 

The pressure-gauges employed are not all based upon the 
same jwinciple. Some are simply siphon barometers, whose long 

p p 2 
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boiler has been constnicted. To 
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leg b is open ; only it is not the pressure of the atmosphere that raises 
the column of njercury, but that of the steam ; the short leg has 
dii-ect communication at a. Fig. 278, with the steam in the boiler. The 
diiference of the heights of the mercury in the two legs increased by 
the atmospheric piessure expresses the pressure of the steam. 

Tiie compressed air gauges (Figs. 279, 280) are nothing else 
tliaii Mariotte's tubes. In one of the branches the steam freely 
exerts its pressure, which in the other brancli is kept in equilibrium 
by the compressed air and the difference of level of the mercury. 
The instrument is regulated in such a way that the two columns of 
mercury are at the same height, mm, when the pressure of the steam 
is equal to one atmosphere. When the pressure gradually becomes 
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greater, the level rises in A, but with lessening increments for equal 
additions of pressure, according to Muriotte’s law. The instrument 
is therefore less and less sensible for the greatest pressures. This 
disadvantage is overcome by giving the gauge the form shown in 
Fig 280. The conical form of the branch which contains the air 
gives to the divisions corresponding to successive atmospheres lengths 
which are nearly equal, so that it is easier to read off high pressures 
than in the first system. 

The handiness and cheapness of metallic pressure-gauges (Fig. 281) 
have caused them to be adopted for a great number of boilers. But 
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they do not offer the same guarantee for exactness that the others do, 
because the pieces submitted to the pressure of the steam may alter 
by use. Their action depends upon the metallic rods indicating by 
the greater or less curvature impressed upon them by the elastic force 
of the steam the value of this force, but it is necessary from time to 
time to submit them to verification by a comparison with more exact 
manometers Tlie disadvantage of the latter 
arises chiefly from the material of which they are 
composed, namely, glass, which gets dirty and 
loses its transparency, but through which one must 
read the mercury; their fragility forms another 
objection. The mercury, too, in the compressed 
air manometer becomes oxidised, which diminishes 
the volume of the air ; so that the indicated pres- 
sures are greater than the true ones; they are 
also obviously inapplicable to locomotive engines 
Such then, in its essential parts, is the steam- 
generating appaiatus known in practice under the 
name of boiler. The boiler varies much, as 

already stated, in its dimensions and shape, according to the kind 
of engine to which it furnishes the motive force. We shall notice 
successively the most common and most original arrangemenls 
of boilers employed for stationary engines, marine engines, and 
portable engines and locomotives 



§ V —The Pkikcipal Types of Stkam-boilrus. 

In the boiler with heaters we have just described, the boiler is 
over the fire— it is a generator with an exterior fire. There are also 
generators with interior fires, and upon this single difference we may 
form two types of boilers, which each divide up into numerous varie- 
ties. I.AStly, we may distinguish a third type, that in which the fire 
properly so called is exterior, but the flues or conduits for the gases 
of combustion are lodged in the interior of the chamber containing 
the water. 

The first form adopted in Watt’s engines was the so-called waggon 
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boiler; the lower side being vaulted. The flame, after having heated 
the concave lower surface directly, returned upon itself by lateral 
flues. Later on, this form was employed in the first steam-boats, but 
then there was added an inner flue, through which the gases of combus- 
tion passed before entering the lateral ones. The sides of the vaulted 
boiler wei'e of a bad form for resisting pressure, and the history of 
accidents in steam-engines shows that the greater number of explosions 

occurred to boilers constructed on 
this system. They are now gone 
out of use almost everywhere. 

An interesting and original 
airangement is that of lateral 
heaters in Farcoi’s boiler. In 
this system (Fig 282) the prin- 
11 pal cylindrical body, A, is heated 
directly by the fire. Four heaters 
aie ])laced vertically one above 
the other in a side compartment 
of brickwork, divided into four 
compartments or flues, through 
which the gases of combustion 
arc compelled to pass succes- 
sively before reaching the chimney. The lowermost heater, a', 
receives the fresli water. As the gases travel from above downwards, 
w hile the water follows an opposite path to go from a' to the boiler, 
it follows that the hottest portions of the gas are in contact with 
the hottest parts of the sides of the boilers, and the cooler parts give 
up their heat to warm the still colder water before escaping up the 
chimney. 

Suppose that the cylindrical body of a boiler incloses an inner tube 
of sufficient diameter entirely surrounded by water, and that we place 
the fire in this tube, instead of making it simply a flue like that of the 
boiler described above, we should then have a boiler with an inside 
fire. In this system the heat of the fire is entirely used end em- 
ployed in the direct heating of the metallic sides of the boiler, with- 
out being absorbed by brickwork. But the heating surface wUl 
still not be large enough, unless the boiler be enveloped by flues on 
the outside, and then the inconvenience of a fire necessarily restricted 
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will not be compensated by the advantages of this arrangement. 
Nevertheless, we employ in England for stationary engines horizontal 
boilers with one or two interior fires. To further increase the heating 
surface the flues are frequently traversed by tubes crossing each other 
at right angles, and opening at either end into the interior of the 
boiler; these also assist greatly in increasing tlie resistance of the 
boiler to the pressure of the steam. 

In the greater part of the modifications which the primitive form of 
boiler has undergone, the chief idea has been to increase as much as 
possible the heating surface, while economizing the volume and space 
occupied by the generator. The heaters, the inner and outer flues, 
the inside fire, have all been invented with the object of utilizing 
the activity of the fire in such a manner as to let only that portion 
of the hot gases pass up the chim- 
ney that is necessary to produce an 
ascending current, or in other words, 
a draught. 

Finally, the conception has been 
gradually arrived at of a tubular 
boiler, of which the first idea is 
due to Barlow (1793), but wdiich 
was not reiilized till 1829, by 
Stephenson and Marc Seguiu. The 
system of tubular boilers which 
was fiist applied to railways, and 
has since been adopted in steam- 
boats with some indispensable modi- 
fications, is as follows : — 

In the principal cylindincal body 
ai*e fixed numerous tubes parallel 
to each other, which open on one side to the fire and on the other 
side to the flues or the chimney. The tubes are bathed by the water 
of the boiler, which fill the intervals between them, and is heated 
by the gases which traverse the tubes. We shall sec further 
on in what enormous proportion this ingenious arrangement in- 
creases the heating surface, and in consequence the steam-generating 
power of the boiler. In locomotives, portable engines, and marine 
engines, the fire is surrounded on all sides by water, except, ot 
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course, underneath ; so that the tubular boiler may also be considered 
as one with an inside fire. It certainly has all the advantages of one. 

Fig. 283 gives an example of a marine tubular boiler, which is 
at the same time a Ixiiler with return flame, since the gas from 
the fire before playing upon the tube passes first through two large 
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cylinders, A and B, runs back at the end of the boiler, and returns 
again by the tubular pipes to the chimney where it escapes. 

We have in the case of the fire-engine an illustration of the 
manner in which such a construction of boiler is utilized when it is 
necessary to get up steam rapidly. Fig. 284 represents a sectional 
elevation of Shand and Mason’s inclined water-tube boiler and in 
steam fire engines, k is the furnace ; B the heat-absorption chamber 
(sectioned on the line i, J, Fig. 286); c the chimney or fhnnel; 
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D the outer shell ; K the steam chest ; P the narrowest part of 
eccentric water space from which the tubes are supplied with water 
at their lower ends; K the widest part of eccentric water space, 
through which the upper ends of the tubes deliver the steam pro- 
duced from the heat absorbed by the tubes and transmitted to 
the water during its passage through them. The arrangement 
of tubes is shown at o, Fig. 285, and at h. Fig. 286, and the water 
spaces shown af F and K. By this aiTangement a constant circula- 
tion is maintained through the tubes, in the direction shown by the 
arrows, and by crossing the tubes in alternate layers a constant 
flow towards and into the lower ends of the tubes is induced, and a 
constant discharge from the upper ends throughout the other half, 
thus causing general and uninterrupted currents of water and steam. 

Besides the types just described, there are boilers in wdiich the 
grate may be removed at pleasure. This arrangement offers ad- 
vantages of more than one kind, notably that of rapid cleaning and 
removal of incrustations. There are also circulating boilers, prin- 
cipally formed of tubes into which water is continually and succes- 
sively introduced, which vaporizes almost immediately ; and there are 
hoilers woi'ked by heated gas, generally employed in connection with 
blast furnaces, in which the heated gases escaping from the furnace 
mouth are utilized. 

Of all these systems of boilers we may notice one which will show 
us how we may construct steam-generators which are rendered, so 
to speak, inexplosible. from the fact that the w»ater as soon as introduced 
is immediately turned into steam. Belleville’s circulating boiler, Fig. 
287, the use of which is spreading considerably in small and moderate- 
sized manufactories in the populous centres of France is one of these. It 
is used in many Parisian factories and printing establishments. A series 
of vertical tubes placed directly over the fire communicates, on one 
side with a horizontal pipe bringing the supply of water, on the 
other side with the steam pipe. Each tube is filled with water to 
the same height, and forms, so to speak, a little boiler half filled 
with water and half with steam. The flow of w^ater to the tubes is 
regulated, by means of a special apparatus, by the pressure of the 
steam itself, so that in proportion as the w'ater vaporizes, it is re- 
placed by an equal quantity of water. The level in the tubes of the 
boiler thus always remains constant 
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The pro(iuction of steam is, so to speak, immediate, for a boiler 
of this system with a volume of less than 4 cubic metres (3’74), 
and with 10 square metres of heating surface, can turn 200 kilo- 
grammes of water into steam in one hour. 

There are, besides this, other systems of circulating boilers — in 
England, such as Scott’s, and in France, Larmanegat’s and Bouteguy’s. 
We can only name them, and pass on to recapitulate in a few lines, 
General Morin’s opinion on the respective advantages of the ordinary 
boilers compared with these new systems. 

The first have long use for their sanction ’I'hey produce the steam 
required without much care or attention, and with great regularity , 
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their ordinary working is simple and convenient ; but they take up a 
great space, and are perhaps more liable to explosions. On the 
contrary, circulating boilers, while less cumbersome and costly, and, 
so to speak, inexplosible, have the advantage of a rapid generation 
of steam, but they require more attention, and are not more econo- 
mical of the fuel. Tliey appear to be specially applicable to engines 
in small factories. 
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CHAPTER VI. 

THE STEAM-ENGINE. — THE DRIVING MACHINERY. 

§ I. — The Cylinder. 

T he steam being produced we will now see liow its elastic force is 
used. The steam leaves the steam-space of the boiler by a pipe 
which conducts it to the inside of a cylinder, and it acts alternately on 
one side and the other of a piston vhich is movable in this cylinder, 
and this alternate action results in a to-and fro movement of the 
piston and its rod. 

The steam, coming from the boiler to the cylinder, acts first on one 
face of the piston, which is pushed towards the opposite extremity 
At this moment the steam should enter on the other side of the cylin- 
der, and exercise its foice on the opposite face of the j)iston. To 
enable this force to act effectually we must get rid of the steam that 
has just acted in the contrary direction, because the elastic force 
which it still possesses is opposed to the motion. This object is 
attained by giving to the steam that has played its part an exit to 
the outside of the cylinder at alternate ends. The space into which 
it passes is either open to the air, or to a vessel exhausted of air 
and kept at a low temperature by a continuous flow of cold water. 

In the first cas^, which is that of engines worked with high- 
pressure steam, that is, having an elastic force of several atmospheres, 
the steam that has done its work escapes, and its tension becomes 
rapidly reduced to that of the ordinary air, and thus it allows the 
steam to work on the opposite surface of the piston. 

In the second case, the steam is quickly condensed by its introduc- 
tion into an empty and cool space, which for this reason is called 
the condemer. Its elastic force, which is not much greater than 
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one atmosphere, instantly, or at least in a great degree, disappears, 
so that the chamber of the cylinder where it has just been working 
is itself nearly reduced to a vacuum, and the steam introduced on 
the other side has then no more to overcome than the resistance 
of the piston itself. 

The various arrangements invented to conduct the steam in this 
way, first into the cylinder on either side of the piston, and after- 
wards into the open air, or into a condenser, for taking away, as 
soon as done with, its elastic force, constitute wluit is known as the 
distribution of Dip steam , and we will now see what are the priiicii)al 
systems employed for this purpose. 
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First let us speak of the cylinder, which is the most essential jmrt 
of the whole of the driving machinery. 

It is commonly (Fig. 290) a cast-iron box, the inside of which, per- 
fectly cylindrical, has been tamed and bored with the greatest care 
one of the ends is sometimes cast, sometimes firmly bolted on like the 
other end, so that one of the two at least may be entirely removed, in 
order to admit of the introduction of the piston. 

One of the ends gives passage to the piston-rod, and the opening 
which allows this is provided with a stuffing-box, in order that 
the rod in its movement may not permit any escape of steam from 
the cylinder. 

The piston itself is constructed in several different ways; 
most commonly it is formed of two metal plates, of a diameter a 
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little less than that of the cylinder, which are solidly bound together 
as well as to the rod which passes through them. On their circumfer- 
ence are situated grooves for holding the paching, that is, the part of 
the piston whose outside must glide easily, but perfectly air-tight, 
ui)on the inner surface of the cylinder, so that the steam cannot pass 
from one compartment to the other. The packing was formerly made 
of hanks of hemp, which required often greasing, and even replacing, 
on account of their rapid wear. For these, metallic packings have been 
advantageously substituted, formed of portions of a ring pressed out 
by springs inside, as in Fig. 288 ; and now even to these are pre- 
terred Eamsbottom’s pistons, in which the body is composed of a 
single plate, hollowed out for greater lightness, and surrounded by two 
circles of soft cast-steel, fixed in two grooves round the outside 
and forming a spring. The surface of these circles presses against 
the sides of the cylinder, forming an excellent packing, which is 
very simple, and very little expense to keep in repair. 

The Swedish ])istons, Fig. 289, difier in no way from the preceding 
except in the breadth of the bands, which is greater, and in their 
composition, which is cast-iron hardened by a little tin. 


§ II. — Distribution of the Steam. 

The piston and cylinder being so constructed and arranged, 
it remains to be seen how the introduction and escape, in one word 
the distribution of the steam, is effected. 

CousidCT Fig. 290, which gives a longitudinal section of a cylinder. 
We see in a, a', near each end, the opening of a double conduit aa, aa\ 
made in the thickness of the side ; these are the openings by which 
the steajgi comes alternately and works on one side and then on the 
other o¥ the piston. These are called the steam-ports. Tliese two 
open outwards on a w^ell-polished surface, and between the two a 
third opening E is seen, which serves to let the steam escape when it 
has done its work, and which is called for that reason the exhaust- 
port. c is the pipe by wliich the steam gains access to the open air 
or to the condenser, where it parts with its elastic force. 

Now, by what contrivance is the distribution effected, consisting, 
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as it does, of two partial operations, the admission of the steam 
and its escape, which must be repeated twice to obtain a complete 
pliase of the to-and-fro movement of the slide-vAlve ^ There are 
various metliods employed according to the different engines — we will 
describe first that wliicli is represented by tlie figure. 

In the valve chest BB, is seen a prismatic box, open on one -side, 
called the slide-vaJiH\ The slide-valve is applied by its open face to 

the well-polished plane on which, 
as we mentioned before, the three 
ports open. The space bb is called 
the valve-chest ; the steam coming 
from the lioiler by the pipe v spreads 
out fieely in it, but the inside 
of the slide-valve, on the con- 
trary, is always closed to the en- 
tering steam, but is constantly in 
communication with tlieescape-pipe, 
and also vith first one and then 
the other of the entrances to the 
cylinder Lastly, the movement 
ot the slide-valve is produced by 
the engine itself, by the aid of a 
rod and an excentric fixed to the 
shaft of the fly-wheel. 

Ily following the successive and alternating motions of the 
slide-valve as represented in Fig. 291 we can easily comprehend the 
different phases of the distribution of the steam. 

This is the machineiy for the distribution of steam in engines 
where the three-port slide-valve is adopted. But, as already said, 
there are other arrangements employed. There is first Watt’s system 
of distributing valves, then there are the piston slide-valves of the 
same inventor, and lastly the D valves, a name due to the re- 
semblance that the principal part bears to the letter D (Figs. 290, 291, 
and 292). 

In the first of these three systems two valve boxes are fitted to 
the two ends of the body of the cylinder. Each of these is divided 
by two valves moved by a system of rods into three compartraent8» 
of which the middle is in direct communication with each port, 


f 
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while the two others communicate, the upper with the steam-pipe, 
the lower with the outer air or the condenser. 





Flo. iiDl.—rhasen of the ruciproeutiiij; motion of the piston and slide-yalve 


The pidon slide-valve is so called because it consists of two pistons, 
moved by one rod in a cylindrical space adjoining the cylinder, which 
first gives the steam free access to one of the steam- entrance ports, 
and to the corresponding chamber of the cylinder, and then puts 



Fia. 292.— Diatribution of the ateain : p valve. 


that chamber and the steam which has done its work in communica- 
tion with the condenser. 

Lastly, the D valve (Fig. 292) is a hollow piece moving in the 
steam-chest, which is applied to and slides along the face of the 
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cylinder by its two plane ends, where the steam-entrance ports open. 
The steam which comes from the boiler by the opening v can always 
circulate roimd the slide-valve without obtaining access to either of its 
extremities ; these, on the contrary, are always in free communication 
with the condenser. The two plane ends of the slide-valve in their 
motion to and fro allow each of the steam-entrance ports in turn to 
receive the steam from the boiler, while the steam that has done its 
work upon the piston passes out by the other port, and is condensed 
in the condenser or the open air. 

In each of these methods of distribution it is easy to understand 
the corresponding motions of the piston, slide-valves, and clacks in 
their different phases. 


§ 111. — Expansion of the Steam. 

In giving an account of the piston and tlic arrangements for the 
distribution of the steam, it will be seen that the ports are sometimes 
entirely uncovered, and sometimes entirely free. From wdiich it 
follows that the steam of the boiler pours with its full force upon 
each face of the piston during the whole time of its motion ; this is 
expressed by saying that the steam works at full pressure. 

At first no other way of letting the steam act was known ; but 
Watt, whose name is found associated with all the principal dis- 
coveries which have transformed the primitive steam-engine, found 
that there was a double advantage in giving access to the steam to 
the piston during a portion only of the course of the piston. Tlie 
result was first a much greater regularity in the motion itself, and 
secondly for the same amount of work a notable economy of steam, 
and consequently of fuel 

If the steam, for example, is introduced during the first third only 
of the course of the piston, it continues still to act upon it ; but 
since the space it occupies continues to enlarge tmtil the end, it acts 
by expanding, like a spring in opening, so that its force diminishes up 
to the end of the stroke of the piston. Tlie steam is then said to 
work with ea-pansion. 

This mode of action of the steam is now almost universally 
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adopted. But before insisting on tlie advantages it presents, or indi- 
cating the economy of steam or of fuel which expansion secures, we 
must show by what modification of the distributing machinery it 
may be accomplished. 

Here again, if we were intending to write a complete treatise on 
the steam-engine, we should have to describe the various systems of 
expansion. It will suffice however for the end in view to give an 
idea of one or two of the most important. 

We will commence with the system of expansion called Clapey- 
ron s, because its arrangement i.s due to that eminent engineer. 

It consists ill a simple modification of the slide-valve, or rather of 
the breadth of the bands which cover the ports. Instead of giving 
them the exact breadth of each jiort, they are made larger. The 
ledges ah, a'b' , ai, vd\ inside and outside form what is called the la})s 
of the slide-valve, because it is the object of these overlaps to shorten 
the time of admission of the steam into the cylinder through each 





Ki(. — Clupt viou s exj*ansioii hysltm Hlide ^ulM with 


of the two ports. It would be iiecessar\ to enter into too long and 
technical details to follow the motion of the exj)ansi()n-slide valve 
through all its phases, and to >show clearly what is the action of the 
steam in each of these phases. But we can sum up the wliole action 
by saying that each introduction of the steam into the cylinder gives 
rise to four successive periods, wliich we wdll characterize. 

In the first period there is the admission of the steam, which 
works during that time at its full })ressure, that is, witli the pressure 
of the steam in the boiler, after which a steam-entrance ])ort is closed. 

In the second period there is the expansion of the steam admitted, 
which then w’orks witli a decreasing force until the moment wdien the 
steam-exhaust port opeiw. 

The escape of the steam occupies the third period, but since from 
the existence of the laps the escape ceases before the piston has 
reached the bottom of the cylinder, there remains a certain quantity 

I. E 
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of steam in it, which the piston drives back and compresses before 
the commencement of the new period of admission. 

ClapejTon’s expansion system is chiefly employed in engines for 
rajdd motion, such as locomotives. 

In Meyers expansion system the slide-valve is pierced by two 
orifices, which are brought alternately into commimi cation with the 
entrance ports, and there are two jdates, having a motion independent 
of the slide, which come and close these orifices, so os to stop the 
admission and start the expansion. 

Lastly, in Woolff’s system the expansion does not take place in 
the cylinder itself, but in a cylinder of greater diameter placed close 



Fio 2P4.- Section of the two c>aDdcr» in WoollT* expansion HVNtcm 


to tlie first (Fig. 295). It is for this reason that engines which 
employ this method of expansion are called double-cylinder engines. 

Fig. 294 shows the distributing machinery in these engines. 

Each of the two cylinders A, B, is provided with a valve-chest in 
which an ordinary slide-valve works, with entrance and exhaust ports 
as usual. 

!nie steam comes from the boiler by the orifice v, which opens first 
into the chest of the cylinder A, and thence passes, say, below the 
piston p. This piston receives an upward motion, and drives back the 
steam which was on the other side into the outlet pipe t, a pipe 
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which, instead of communicating with the condenser, as in the single- 
cylinder engines, goes into the steam chest of the cylinder B. Thence 
it enters by the lower valve-entrance port below the piston p' , and 
in expanding it also produces the elevation of the piston , as to the 
steam which is on the other side in the upper chamber of the cylinder, 
it goes as usual to the condenser or the open air tliiough the pipe 
cr. 

The simultaneous motion of the two slide-valves in opposite 
directions will give rise to an upward motion of both pistons, the 



Fin 205 — Woolff’s sjBtem of diHtiilnitioii aiul expansion the (^lln(lels 


steam acting at full pressure in the small cylinder, while m the Luge 
cylinder it acts only by expansion. In the more modern form of 
double cylinder, more properly compovnd ingwet, the steam in the 
high pressure cylinder is cut off at from three to foui-tenths ol the 
stroke, and is allowed to woik expansively throughout the remainder. 
It is then admitted into the low-pressui'e cylinder, and having done 

F K 2 
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its work thei'e it j)asses into tlie condenser. TJie pressure in the 
condenser cannot quite be reduced to zero practicall3^ but in good 
performance the remaining pressui’c of the ste.iin does not exceed 
tlii*ee incl)es of mercury, or al)out twenty-seven inches less than that 
of the catmosphere ; this would be technically known as twenty-seven 
inches of vacuum. 


J}' IV. — TuK TRA^^SMITT1^(; MA(’mXKKV 

It remains tosliow liow the motion ol the piston is transmitted; by 
what machinery it is traiisf(»rmed, regulated, and kept constant. The 
problem to be solved is not peculiar to steam-engines, any motive 
jmwer may give ri'^e to the same question. Given the to-und-fro 
motion of the piston-rod, or recipiocating motion, as it is called, to 
find a method of tmnsriiissioii which shall change it into a continuous 
circular motion, which may turn, for example, a main shaft, in the 
motion of which all the partial motions requiied in the faidory may 
share." 

The oldest, wliich is still adopted in a great numlier of cases, ari' 
the heam-mgincs, of which Fig. 296 shows the principle. 

The rod t of the piston, whose lower extremity describes a vertical 
.straight line is jointed at the other extremity to a great oscillating bar, 
or lever, ab, which is made to move (in a vertical plane) about a 
tixed axis I. This piece is the beam, to the other extremity of 
W’hich a connecting-rod is jointed, wdiich works in its turn a crank, 
attached at o to the axle to l>eput in motion. Owing to this arrange- 
ment the alternate rectilinear motion of the piston is transformed 
into a continuous circular motion of a wheel. Here the beam is 
above the piston-rod, but it can be also placed below, and we shall see 
examples of that arrangement in the marine steam-engines. 

By the beam, the connecting-rod, and the crank, the alternating 
and rectilinear motion of the piston is transformed into a continuous 
circular motion; but this transformation is not direct, for the extremi- 
ties of the beams in oscillating each describe an arc of a circle, first in 
one direction and then in the other, so that the motion is at first 
circular and alternating. It is the connecting-rod and the crank 
wiiicli complete the transformation, and produce the continuity of the 
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circular motion. It follows from this that the piston-rod, \\hich 
moves vertically, cannot be directly joined to the end of the beam, 
because this would force it to follow the arc of a circle, and hence 
would turn it sometimes to the right and sometimes to the left. To 
remedy this disadvantage, which would render the engine impractic- 



Fin — I'niiciplt of tianBiiiissioii in Ix^ain eii},iins 


able, Watt invented a very ingenious system of joints, known as 
Watt’s parallel motion, of whieli the following is a short desciiption 
The jiiston-rod, instead of being joined directly to the extremity K 
of the beam, is joined to the point l) of the parallelogram rBim, 
■wliose four sides, though rigid and imuriable in lengtli, are jointed 



Fi« ‘297 — Watt’* jointed i»aiallelos»Hn> 


at their extremities, so that the angles vary according to the oscillations 
of the beam. Moreover, the point B is attached by a rod bo to a fixed 
point 0 in the immovable framework of the engine. The relative 
lengths of these different lines are calculated in such a way that 
the point n describes very nearly a vertical straight line, while the 
points 0, E, B, describe arcs of circles having for their centres the 



422 


THE APPLICATIOKS OF PHYSICAL FORCES, [book iv. 


two points 0, o. The oscillation of the beam, that this result may 
hold, must not exceed the limit of 20° on one side or the other of the 
horizontal. Tlie middle point of the side BC has the same properties 
as 1) ; and this fact is also made use of in Woolff s engines, where the 
pistons of the two cylindei's mu.st move together. 

It is to be understood that the arrangement just described is 
repeated on the other side of the same end of tlie beam, so that in 
reality the piston-ml is jointed to a horizontal axis, which passes 
though the double ]>oint D. 


§ V. — Kf:(;ulatuks. 

It will be seen, on referring to Fig. 21)1), that on the axis, moved 
by the system of connecting-rod and crdnk described above, is 
mounted a large w heel v, generally of cast iron, wdiich is called tlie 
fly-wheel. This jdece, w hich is found in all driving engines, is for 
regidating the motion. 

In a driving engine, the velocity is subject to variations, which 
may dej»end either on the motive loice itself, that is, on the steam 
which comes from the geneiator more or less abundantly, and 
po88e.^sing a pressure of greater or less degiee, or on the employ- 
ment of the force in the factoiy where the engine is set up. It is 
ea'^y to see that it is ad\isable to have these vaiiations kept 
within narrow limits, which may he accoinidished in various ways ; 
and one of these ways is the employment of fly-wdieels, wdiich 
increase the mass of the movable parts of the engine. When there 
is excess of velocity the mass of the fly-wheel absorbs the excess of 
motive j) 0 wer from the form of moving force, and restores it to the 
various parts of the engine when the motion relaxes. The fly-wheel 
is made both of great weight and large diameter, and the greater jiart 
of its mass is concentrated in the rim that forms its circumference. 

The dimensions and weight of the fly-wheels are calculated accord- 
ing to the power of tlie engine, and the greater or less irregularity of 
the motion, and the resistance to be overcoma 

The use of a fly-wheel to regulate the motion of a steam-engine 
does not fulfil its object unless the velocity is sometimes greater and 
sometimes less than tlie normal velocity. But if there be any reason 
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to fear that the velocity may be always in excess or always in defect, 
the fly-wheel is of no use, for it will itself acquire a too great or too 
little velocity, and tliis excess in tlie fimt case may go on increasing 
up to breaking point. Tlie centrifugal force, which increases with the 
square of the distance, would be the cause of this accident, and this 
foreshadows the use of another kin<l of regulator, we mean the 
centrifugal regulators, by the aid of which the engine itself regulates 
its velocity in case of the steam leaving the boiler with excess of 
pressure, or of the steam not arriving in sufficient quantity, and the 
velocity of the motion diminishing. 

This apj)aratu8 consists of two metallic balls n, b, carried by two 
rods OA, oa', jointed to a fixed point o on a vertical axis. Two other 
rods, jointed at a and a', are attached to a collar m, wliich clasps the 
veitical axis and moves up and down along 
it. The wlude system receives also, through 
the intervention of a pulley p, the motion 
of rotation given to the driving-shaft of the 
engine. Lastly, the collar M is clasped by a 
fork forming the end of one of the arms of a 
lever i L. 

When the engine is working with its 
required velocity the lever ml remains hori- 
zontal. If the velocity increases, the centri- 
fugal force lengthens the distance ot the 
balls from the axis, the collar rises, and 
with it the arm of the lever IM. The other arm, IL, is lowered by 
its turning alK)ut the point i. If, on the contrary, the velocity 
diminishes, the centrifugal force is less ; the balls approach the 
axis, which depresses the collar, and produces an opposite motion 
in the lever. 

In the steam-pipe (the pipe supplying the cylinders with steam 
from the boiler) is placed a valve consisting of a flat disc, moving 
about an axis passing through its centre and lying in the plane of the 
disc. To the extremities of the axis is rigidly attached a forked lever; 
when this is placed in one position the disc is at right angles to the 
length of the steam-pipe and completely closes it; when moved from 
this position it causes the disc to open the passage of the steam-pipe ; 
and when the lever is in a position at right angles to the first, the 





Fit. 298 — Watt’s ceutnttigal 
n‘gulator or governor 



424 


TUR AP PLICA TIONS OF PHYSICAL FORCES, [book iv. 


whole area of the pipe is free for the passage of the steam. This is 
called the throttle valrv. The other arm of the lever, moving the valve, 
is connected with the end L of the lever ML in such a way that as the 
collar M rises, lowering the point L, the valve is turned more across 
the steam-pipe, thus reducing the area of the steam-passage and 
lowering the speed of the engine. The flow of steam is therefore 
diminished when the velocity of the engine passes the normal limit ; 
it is introduced, on the contrary, in greater ahundance when there is 
a falling off*. 

Two other systems of regulators are employed besides these, the 
arrangement of which is very slightly different from that of the centri- 
fugal regulator (known also by the names of Watt’s governor). Both 
are founded, like the fiist, on tlie action of the centrifugal force 
applied to masses which turn on an axis set in motion by the 
eiiirine. 
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CHArTER VII. 

VARIOUS TYPES OF STKAM-ENOxINES. 

§ 1. — Wait’s Beam-enoine. 

W E come now to the machinery for transmission. We have to 
examine how tlio motion either of the beam or the shaft 
is utilised by the working of the slide-valve and of the feed and 
exhausting pump. 

To the shaft of the engine is fixed an excentric seen at (hi in 
Fig. 2bb, the function of which is to produce the alternate motion of 
the slide-valve. It is very easy to explain how this result is obtained. 
The excentric is formed of a circular nu^tallic disc, wliich is ])ierced 
by the shaft at a point \\hich is not its centre. Its motion of rota- 
tion involves that of a collar or band in conn(*ction witli a long 
metallic triangle. Now the extremity of the latter is attaelied to 
one of the arms of a bent lever, the other arm of vlnch carries the 
rod of the slide-valve. Tin* oscillating motion of the lever )>roduced 
by the rotation of the excentric gives rise to an alternating vertical 
motion of the rod, and the slide-valve works as we have seen above. 

Figure 2b9 reprcvsents the beam-engine, as it came from the hands 
of Watt, with all the improvements that that illustrious mechanician 
successively made in it ; it gives the reader a general view of the 
various mechanical arrangements with respect to the distribution and 
tmnsmission that we have had to describe separately and in detail. 
It remains for us now to show how the various pumps, which we 
have mentioned in our description of the engine, work. H is the 
condenser which is bathed in a cistern of cold water rr, and which 
receives water from that cistern by the pipe f. Since the conden- 
sation of the steam cannot take place without its gi^ing up to the 
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water the latent heat of vaporisation, the water in the condenser 
is constantly being heated, and it is necessary to replace it as con- 
stantly by a fresh supply of cold water; whence tlie need of the 
exhausting pump E, which is worked by a rod attached to tlie beam ; 
this pump returns the condensed and warm water to the chamber e', 
and there the feed pump w acts, raises tlie water, and sends it on to 
the boiler; Y, the rod of that pump receiving its motion from the 
beam. 



Fii; 2*jy. — W«tto* lM!ajn engine 

r Sfeani PI*** -T SIkle viilve — J Cjlinder — H Coni]«*n>Mir — PE. ExliauKtmg or air>|miiip — WV 
Feeilnnnip of the boiler —I X Feeding pump of the iiateni R — Governor.— (id. Kxceiitiu 
AttCD Parallelogram — OM Cuiiiiei ting rod and i rank —V Fly-wheel. 

Lastly, we see in x the rod of the pump u, which serves to feed 
the cistern bk M'ith cold water. This }miup, generally more powerful 
than the other two, obtains the water from some neighbouring source, 
such ns a spring, a tank, or a river. 

Tins com]>lication of parts, and accessory apparatus, which more- 
over derive all their motion from the steam-engine, only occur in the 
condensing engines, that is, those which work at a low pressure. 
In engines at high pressure, whether fixed or movable, the condenser, 
the exhausting i)Hinps, and all the machinery connected with 
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them, are suppressed. There is iiotliing but the feed-pump. But 
we have purposely taken for our type the most complicated 
steam-engine, so as not to forget anything that is essential tor 
tlie explanation of tlie machinery emidoyed in the different types 


§ II. — Hn:AM-ENGlNES WITH DlKECT MOTION 

The tranbiiiission of the motion in the bediu-enguie is made 
indiiectly, since the motion becomes alteinating and tiiculai befoie 
it bi*comes continuous. 



1* lu u(H) — VeiUiol ttteaui < iigitie 

A — r (’jliinlei — HZ SlMle-vaUc ami vlU^e chest —OK H Slide EFJO Cowmiting 

lud, umik and Bhiirt — V\ wheel — PO Feed pii»e — D Blast pijit 


Many methods have been invented lor the direct tiansinission of 
the motion of the piston to the shaft ; whence the engines known 
as vertical, horizontal, and oscillating We will explain a type of 
each of these kinds of engine. 
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The vertical engine, or engine with vertical e}lindcr, two views of 
w’hich are given in Fig 300, is a hinh-piessure engine, in w’hich th<* 
steam acts by evpansion, but witliout condensation Tbe exidanation 
of the figuie sliows what aie the \anoiis jiait'^ — the cylinder, the 
slide-vahc, the fl} -wheel, the go\einoi, kv Tlie only jKunt to 
which we would draw attention is the nietliod ol tiansniitting the 
motion. 

The piston-iod i*- diiectlj jointed to the coiinecting-iod EF, wliicli 
w’oiks upon the crank of tlie shaft This lod is guided in its motion 



Fto un Horizontal NtLam-.<‘nKint 


l»y a cross-head, or horizontal movable bar gg, which moves up and 
down two vertical guides, which are fixed at K and H, that is to say, 
at K to the cylindei and at H to the framework of the engine 

This is, indeed, a mode of transmission, very similar to that of 
the horizontal engine represented in Fig 301 , and we have said 
enough about it to enable the leader to understand, without any 
special description, the arrangement of the different parts of the 
engine. 

In locomotives w^e shall see that sometimes horizontal and some- 
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times inclined cylindois aie employed, tlie leasons for prefeinn" 
one or other of such aiiangements, which involve nothing essential, 
have lelatioii either to the construction and geneial working ot the 
paits of the engine, or, in fixed engines, to questions oi tlie hoiizoutal 
or \eitical ^pai e availahle 



1^1(4 tOi ->-Ok( illutin^ Kt( am < 


In trunk-engines, the piston-rod is suppiessed,<ind the connecting- 
rod is directly jointed to tlie piston itself The oscillating motion ot 
this rod takes place in a c>lindiical sheath oi (ollai, winch passes 
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through the cylinder and which the piston completely surrounds. 
This arrangement diminishes the surface of the piston exposed to 
the action of the steam, and this diminution must be compensated 
by increasing the diameter of the cylinder. The disadvantage of this 
very simple arrangement is easy to understand : for one thing, the 
steam is more quickly chilled, because the surface exposed is more 
considerable; and for another, leakages are more easily produced 
l)oth round the collar and the gi'ooves in which the piston moves. 

This kind of transmission is principally employed in English 
steamships. 

A French manufacturer, M. Carrel invented and constructed the 
first oscillating engine, in which there was no connecting-rod, the 
piston-rod itself being jointed directly to tlie crank of tlie shaft. 

The cylinder of oscillating engines is supported by two trunnions, 
like a piece of artillery on its carriage. The trunnions are 
hollow, and serve, one for the steam port and the other for the 
exhaust port. In other respects the distribution is regulated by a 
slide-valve as in ordinary engines. A distinction is drawn between 
horizontal and vertical osrjillating engines, according to the mean 
direction of the cylinders in their successive oscillations. 

§ III.— liOTATORY STEA.Mr-ENaiNRS. 

It .still remains for us, wliiVe studying the various types of steam- 
engines, to speak of a kind of engine wliich differs from all the 
others that we have passed in review up to this point in the very 
jninciple of its machfcierj". We mean the rotatory engines, so called 
because tlie j'art on which the steam acts directly, or which corre- 
sponds the piston in the cylinder engines, receives a motion which 
is directly circular and continuous. Tlie problem of the transforma- 
tion of the motion is not involved in these engines. 

Tlie idea of solving the question of motion by steam in this way 
is not new. It occurred to Watt in 1782 ; but the disadvantages of 
this arrangement have not encouraged large manufacturers to assist 
in improving the tentative essays in this direction ; even now, in 
spite of the improvements introduced in the construction of rotatory 
engines, it is only in very special cases that they can be made use of 
in practice. 
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We will do no more than mention the disc rotatory engine invented 
by Bishop and constructed by Kennie since to understand its very 
ingenious arrangements, which are difficult, however to follow, even 
with the help of a figure, would require too long a description. We 



Pio. 308 —Behrens’s rotatory engine 

will only describe the one that has been adopted in the Eussian navy, 
for their gunboats and small screw steamers. 

Tlie rotatory steam-engines by Behrens, of America, which was to 

' See on this subject Sonnet’s Dictiomiaire des Mathematiques AppUqides. 
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be Seen in action in tlie Paris Exhibition of 18G7, is niucli simpler, 
at least for description. Fi<? 303 gives an external view. The 
method, of working and the airangements of the moving parts and 
the distribution are as follows 

On two parallel shafts, ii', are mounted two pieces in the form of 
a portion of a crown, both edges being concentric with the corre- 
.'.pondiug sh.ift and fi.\ed by one of the extremities on a shoulder ot 
the latter. These jdeces play the part of the piston in ordinary en- 
gines. Their outside convex surfaces fit into an accurately bored 






Fio 3i»4. Rotator) (^tigini . of n poinpli'te motioii of rotntiuii. 


cylinder, aa, and their inside concave surfaces move round two 
sockets, cc, concentric witli the shaft. The form of the different 
j)ieces is calculated, so that each 4)f the pistons in its motion may 
work through a groove concentric to its own axis of rotation and 
hollowed out of the fixed socket of the other piston. The result 
of this arrangement is that the steam can never pass between one 
of the pistons and the socket of the other. We will now see how 
the steam works. 

It arrives by tlu* supply pipe, K, from the boiler, and enters the 
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space between the two pistons and the socket r. Supported by the 
convex surface of the piston, e', it pushes the concave surface of the 
piston, E, and turns that piston and its axis in the direction d:narked 
by the arrow. Since the two axes carry some co^s on the outside, 
which make them turn in opposite directions, and with the same 
velocity, the axis, r', and its piston move inside in the opposite 
direction to the first. The second and third figures of 304 show the 
position of the jueces after a quarter and half a revolution. At 
tins instant the juston, E, closes the opening n ; the steam can no 
longer act on that ]>iston, but it begins to act on the other. Be- 
fore the commencement of the third quarter of the rotation (phase 4), 
the opening of the exhaust port, n, is uncovered, the fteam in the 
space, a, escapes, the piston, E, is kept in motion by the other axis 
and its acquired velocity, and so on for the rest. The steam thus 
acts on each piston for a little more than half a turn, and each of the 
axes receives its motion from the steam itself and the other axis 
with which it is in connection ; one of the^-e axes is the shaft of the 
engine, the other has a fly- heel. r>ehrens’ rotatory engine is 
obviously a steam-engine without expansjon and without condensa- 
tion ; though it is possible, by means of a suitably adjusted valve, to 
make it w’ork by expansion. 

We have already noted (p. 57, Book T) one of the original appli- 
cations of this engine, which consists in employing it to work a pump 
constructed on the same principle and working in the same manner. 
In the United States it is used in brew eries and refineries as a force 
pump for the various liquids, such as w^ater, beer, syrup, &c. It is 
little used in Europe, though it is obxiously an engine of a certain 
industrial importance. 


§ IV. — The rowT.R of Steam-exoinfs. 

Such is the modem steam-engine as a whole, and in the principal 
details of its structure. 

To sum up in a few*^ lines the description which has been the 
object of the last three or four chapters, we see that the steam-engine 
consists of : — 

First, a boiler or steam-generator, which transforms into an 
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available elastic force the energy contained in the fuel, such as coal. 
Heat is the agent of this transform ition, it passes from the fire to 
the substance which forms the heating surface of the boiler, and is 
communicated from the iron to the water, the temperature of 
which it elevates, causing and maintaining ebullition, and continu- 
ously supplying the steam space with a gaseous and elastic mass at 
a pressure necessary for the work to be done. The fire, the grate, the 
ash-pit, the flues and chimney, the heaters and body of the boiler, 
valves and safety apparatus, pressure gauges, and water and steam 
gauges — such is the generator of the engine with its accessories. 

Secondly, the steam being produced, the engine properly so called, 
is composed of machinery for motion, of receivers of the energy, and of 
apparatus for its distribution, having for their object, the production 
of alternating rectilinear motion. The cylinder, the steam chest, the 
slide valve, the condenser, are the principal structures in this part of 
the engine. It forms the driving machinery. 

Lastly, the motion once produced under its first form, it is necessary 
to transform it, and render it fit for the work which is required, and 
this is most often in the form of a continuous circular motion. The 
connecting rods, cranks, beams, slides, are the pieces ordinarily 
employed in this part of tlie engine to which the name of transmitting 
machinery is applied. The fly-wheel and the governors have a 
special object, that of keeping the velocity of working within definite 
limits. 

These different functions being well understood, and the apparatus 
connected with them being clearly conceived, at least in their 
principal arrangements, w'e can next proceed to the examination of 
the different types of engines w^hich have been invented since 
the firfct use of steam, and wdiich are now used in great numbers in 
manufacturing industries, on railways and in 8teamship.s, and even 
in agriculture. 

Before reviewing these types, and showing the steam at work in 
the many services it renders to civilization, we must be allow^ed, — not 
a digression, because it concerns something essential, — ^a shoit ex- 
]>lanation of ceiiain terms and expressions frequently employed in 
speaking of engines and estimating their power. 

The power of an engine does not depend only on the pressure per 
square inch of the steam w Inch moves it. This is merely an clement. 
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Account must be taken of the dimensions of the cylinder and tlip 
number of strokes of the piston that the engine gives per minute 
or per hour, a number which itself depends on the quantity of steam 
regularly furnished by the boiler. In this way the W’ork of the 
steam on the piston may be estimated. But this work in being 
transmitted to the shaft and the fly-wheel is partly absorbed by the 
friction and resistance of the machinery of transmission, so that it 
must be reduced according to experimental rules to obtain the real 
work done, or the effective force of the engine 

This work is estimated in horse-] lowers. Thus w’e sjieak of an 

engine as being of 3, 4, 10, 50, or 500 horse-power. 

Before going further we will explain clearly wbat is meant by this 
expression, ‘‘ horse-power.” 

Horse-power is the unit introduced by Watt for the uieasureinent 
of the rate at which work is being done. One horse-])ower (1 H P.) 
is equal to 33,000 foot-pounds of work done in one minute. We 
have thus three units involved in the definition. A foot pound is 
the amount of w^ork done in raising a pound weight one foot high 
against tlie action of gravity. Work is measured in foot-pounds. 
To take an example. The traction of a hoise drawing a carriage is 
measured and found to be 37*5 pounds when going at the rate of 
ten miles an hour. To find the H. V of the horse. 


10 miles per hour = 3 x 1700 x 10 

““ To 


=880 feet per minute 


^ Traction x feet traveled per min. 37.5 x 880 . 

H.P.ofho™ =-33,001]--= ’■ 

Thus a horse going at the rate of 10 miles per hour and exercising 
a constant traction force of 37^ lbs would be doing wwk at the rate 


of 1 II. P. 


The use of this term arose in this wa 3 ^ 

When Watt had adapted to his first steam-engines such iinjnove- 
ments as enabled them to be used in mines and manufactories, the 


constructors of the engines found themselves obliged to guarantee to 
tlieir customers the power of the new engines. In mines, horses were 
generally employed to turn the windlasses. The mean daily work of 
these animals was taken as a term of comparison, and an estimation 
made experimentally by Watt of the power of the engines sold was 
expressed in horse-powers. An amount of work was thus arri\ed 

F F 2 
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at which is expres'^ed as 3:1,000 Ih. raised 1 foot in a minute. But 
we must not inak(i a mistake. The work of the steam is supposed 
continuous, and the enjjjines work night and day without resting. An 
engine of one hor?e-power does in a day of twenty-four hours 1440 
times this work, but a real living horse, on the contrary, requires to 
rest, and if he works for eight hours a day he will not do more than 
one third of the work of the engine. 

In reality this value is .still too high. Walts figures, if we may 
judge by more recent experiments, were applicable to horses of more 
than ordinary power, and these were probably overdriven. It follows 
from the experiments to wdiich we have alluded that a horse of ordinary 
sti-ength, walking for eight hours turning a windlass, would do only 
17,820 foot-pounds jKjr minute. 

We see then, on a comparistui of the two sets of figures relative 
to the work of the engine and that of the animal, that in reality, to 
i-eplace an engine of one hor^e-power, in order to turn the same 
windlass without ceasing, a little moie than five horses and a half 
must be employed. 

Wliat eon^^titutes the pow'er of a boiler is the quantity or the 
weight of steam that it is capable of pj:oducing in an hour wdieii 
in full w’ork. Now it is chiefly on the heating surface that this 
quantity <lepends, so that other things being the same, the 
generator that oflers to the fire and the gases of combustion the 
largest amount of hejiting surface is the most powerful 

With regard to the consumption of coal, it is evidently in relation 
to the heating surface, but it varies from one engine to another, 
according to the tjq^e of the engine, whether it works at high, low% or 
medium pressure, and w^hether it works with or without a con- 
den.ser, with or without expansion. Experiment shows the following 
fact.s. 

It is found by practice that for each horse-power, the heating 
surface varies from 10 to 15 square feet. A steam engine of 10 
horse power must have a generator with a heating surface of from 
100 to 150 square feet. Tlie quantity of steam produced in an hour 
is, on an average, 441b. per horse-power, so that the boiler of an 
engine of lO horse-power should be able to convert into steam 4401b. 
or about 44 gallons of water per hour. 

As to the consumption of coal per hour and horse-power, it 
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varies, as we have said, with the engines. Watt’s low-pressure 
engines consume from 11 to 131b. of coal, Woolff’s, about 61b ; 
high-pressure engines, with expansion and condenser, consume 
from 8 to 111b. per horse-power in an hour. These are the least 
economical, but they counteract that defect by the advantages we 
shall mention presently. 

A word now with regard to the power of an engine in relation to 
the dimensions of the cylinder and the velocity of the piston, or 
wliich comes to the same thing, the number of strokes of the piston 
]ier minute or per hour, the pressure of the steam beitig known by 
the reading of the manometer. 

How may the work done by the i)iston during its stroke in 
the cylinder be calculated ? We will take an example which will 
explain both the question and the leply that must be made to it. 
Suppose there is a pressure ot 4 atinosi)heres in a condensing engine, 
or of 5 atmos])hei’es in an engine without a condenser. The energy' 
exerted by the steam will in reality be the same in both cases, since 
in the second the atmospheric pressure act's on the opposite face of 
the piston to that on wdiich the elastic force of the fluid acts. It is. 
found that fur every square inch of the surface the work of the steam 
will be about lolb., multiplied by 4, the number of atmospheres. 
This must lie multiplied again by the number of squaie inches the 
surface ot the piston contains. But this does not give the mechanical 
work, wdiich wdll be greatei* or less according to the length of the 
cylinder or the excursion of the jnston. To have the work in foot- 
pounds, the result must be multiplied by that length, so that we have 
the following rule. 

Multiply the surface of the piston in si^uare inches hy its stroke 
expressed in feet, by the effective pressure of the steam (that is, the 
excess of the pressure one side over that on the other), and by fifteen, 
and you have the number of foot-pound i which measure the w^ork 
done by the piston in each excursion. But the suiface multijdied 
by the length of the cylinder is the volume of the latter. 

Thus the work done is proportional to the pressure of the steam 
and the volume of the cylinder. Suppose the diameter qf tlie cylinder 
is sixteen inches, and its length is fifteen inches. In this case the 
engine is condensing, and let the vacuum of the condenser be assumed 
perfect. Then steam pressure is 4 x 15 = GO pounds per square inch 
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above the atmospheric pressure, and the vacuum is 1 51b. per square 
inch below it Tims the excess of pressure is 75lbs. ; the work in 
one excursion of the piston will be w. 8* X 76 x 1^- foot-pounds, or 
about 18,800 foot pounds. The whole to-and-fro motion of the piston 
then would do 37,600 foot-pounds of work. 

Tliis "ives the work of the engine for one to-and-fro motion of the 
])iston, so that we must know besides the number of these motions 
which take place in a minute or hour to find definitely in horse-powers 
the power of the engine. 

This velocity of the piston* is very variable, but it seldom exceeds 
sixty strokes a minute or a stroke a second. If it works with its 
maximum velocity, the power of the engine would be 37,600 foot 
])Ounds per second, or about sixty eight horse-power. 


§ V. — IIisTOKfCAL Sketch of the Steam-engine. 

The first steam-engines actually employed in practice were those 
of Savery (1696 — 1698) Their principle had been given by Papin, 
since, as Arago says, “ Papin was the first who attempted to combine 
in one heat engine the elastic foice of steam with the property that 
steam possesses, and which he pointed out, of condensing with cold.” 
The design of Savery’s lifting engine, reproduced in Fig. 305, as far 
as its essential airangemenis are concerned, shows that the steam 
was produced in a separate vessel B (the boiler). The steam 
first filled the vessel s and the pipe A, out of which it drove the air ; 
then closing the tap c, and opening the tap e, leading from a reservoir 
full of cold water, he produced condensation of the steam in the 
vessel 8 ; a vacuum was formed, and the water of the reservoii* R rose 
and partly filled the vessel and the pipe. A jet of steam coming then 
from the boiler and pressing on the surface of the liquid forced it to 
rise to a height depending on the pressure. A fresh condensation 
then took place, a fresh action of the steam, and so on indefinitely. 

** To raise the water to the height of only 200 feet, for example, 
Savery was forced,” says Arago, “ to bring the steam of his boiler to 
a pressure of six atmospheres ; hence there were continual disarrange* 
ments of the joints and melting of the solders as well as dangerous 
explosions ; so that in spite of the title of his work, The MvMfPn 
Friend, his engines were of no use to the mines. They were only 
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employed to distribute the water to different parts of palaces or villas, 
in parks and in gardens, or anywhere, in a word, where the difference 
of level to be overcome was not greater than forty feet.’* 

Savery’s engine, we see, utilised the elastic force of the steam to 
drive back the water directly, and the condensation of the same steam 
to produce a vacuum, and cause the ascent of the water under the 
atmospheric pressure. It was a sort of suction and force pump, where 
the force of the steam took the place of the muscular energy applied 
to*work the piston in the cylinder of these hydraulic apparatus. It 
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is not theiefoi'e at all coinpaisable with the modeiu stenm-euguie, such 
as we know it. 

Fourteen or fifteen years after Papin’s attempt, Sa\ ery associated 
himself with two of his own countrymen, Thomas New’comen and 
John Cawley, both living at Dartmouth in Devonshire, where one 
was a blacksmith or ironmonger and the other a glazier. From this 
association arose the steam-engine known ns Newcomen’s or the 
Atmospheric Engine. 
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We will shortly explain the mode of action of the steam in this 
engine. (Plate XV.) 

The boiler furnished steam at a pressure a little alHjve that of the 
atmosphere. At the moment it was set to work, and the piston was 
at the upper end of the cylinder, the steam filled the latter and drove 
the air out by an orifice calleil the siiifting valve. Then the tap 
of a pipe is opened, and the cold water injected into the cylinder 
condenses the steam, and when the tap is closed, Ihe outside pressure 
of the atmosphere works on the piston and drives it to the bottom 
of the cylinder. 

At this moment a slide-valve opens the communication of the 
cylinder with the boiler, so that the steam below and the atmo- 
sjdieric piessine above the piston are balanced. The piston would 
remain then in tliis situation but for a counterpoise attached to the 
beam of the engine, which forces it up to the top of the cylinder : 
another condensation now makes it descend, and so on, and the two- 
and-fro motion is j»roduced. 

We sec now the reason of the name, atmosjdieric engine, given to 
It, for it is the pressnie of the external air lliat is the real motive 
foice. The steam comes into use only to balance it during the ascent 
of the piston. During the desc(*nt the condensation of the steam 
j)roiiuce.s a vaeiinm, and it i.s the jnessnre of tlie aii again that makes 
tlie piston descend 

The atmospheric engines were chiefly employed as pumping en- 
gines for mines, lliey were also einplojed for distributing the water 
in London. Notwithstanding the immense improvements introduced 
during a centuiy' and a lialf, into engines which work by steam, 
Newcomen’s engines appear to Imve been used for a long time in 
ydaces where coal was cheap 

The steam-engine, with a few uiiim|)ortant improvements of detail, 
remained in the state into wliich Newcomen, Savery, and Cawley 
brought it, until the year 1769. Sixty-four years thus passed away 
without fruit, as we may say, until the genius of Watt, seconded by 
the rapid progress of pliysical science in that half century, made of 
it the powerful motor, tlie incomparable engine which we have 
described in choosing the beam-engine which still bears the name of 
Watt for our ty|>e. 




PLATE XV-OniHlNAL MODEL OK NEWCOMEN’S ENOlSh 
(111 till) 8i itiii'e Mu«ei«« «< Soiitli Kfimingtim ) 
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§ VI. — Watt .aku the Steam-engine. 

We have just seen that Newcomen’s engines were simply pumps, 
of great value doubtless, for draining the water from mines, but not 
true prime movers capable of furnishing a regular and constant 
motion adapted to the requirements of every kind of manufacture. 
The reason of tins is simple. The atmospheric pressure which pro- 
duces the downward motion of the piston is the true motive force in 
these engines, which have no effective power during the upward 
motion : this was enougli for working the pumps to which they 
were applied, but it was a serious drawback for a prime mover, which 
should have no intermittence of action. 

The atmospheric engines were thus single-acting engines. Watt 
transformed them into double-acting machines. The cylinder, open 
at the top, was replaced by a cylinder closed at its two ends, and 
divided by the piston into two distinct chambers into which the steam 
alternately penetrates, and is then allowed to escape into the condenser. 

Thus was created the true steam-engine in which the elastic fluid 
is the true motive power and sole cause of the motion. The oscilla- 
tions of the piston then communicate oscillations of equal force, and 
of equal amplitude to the beam. In one word, with double action 
the steam-engine became a universal prime mover, applicable to all 
kinds of industry. 

Besides this, by rendering the steam-engine capable of universal 
employment, Watt opened the door by this very means for all the 
subsequent improvements. He himself devoted all his powere and all 
his intelligence to this at first arduous task. By the invention of the 
governor he reduced still further ‘the irregularities of the motion. 
“ The efficacy of the governor is such," says Arago in his biographical 
.notice of Watt, “ that there might be seen some years ago in Man- 
chester, in the cotton-spinning factory of a talented mechanician, 
Mr , Lee, a clock set in motion by the steam-engine of the establish- 
ment, and which went about as well as an ordinary spring clock beside 
it. Watt’s governor, and a pretty free use of fly-wheels, arc tlie true 
secret of the astonishing perfection of the industrial productions of our 
day ; it is these that now enable the steam-engine to work entirely 
free from stoppages, and by these it is imssible to embroider muslins 
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as successfully as to forge anchors, to weave the most delicate fabrics, 
and to communicate a rapid motion to the heavy millstones of a corn- 
mill. This also explains how Watt could say, without fear of the 
reproach of exaggeration, that in case of sickness, in order to avoid 
the coming and going of servants, he could carry up food to the 
patient by engines driven by steam.” 

Tlie invention of the separate condenser, and of the pumps con- 
nected with it, was of capital importance, principally from an econo- 
mical point of view. For an equal effect, it reduced the consumption 
of fuel to a quarter of that used in Newcomen’s engine. The fol- 
lowing fact, often quoted by the historians of the steam-engine, will 
give us an idea of the value of the economy immediately effected in 
mining countries where the pumjnng engines are worked, and after- 
wanls in all the factoiies wdiere steam, at low or medium pressure, is 
employed. Three pumps used to be at w’ork in the Chasewater mine, 
whose proprietors paid Watt and his jiartner Bolton a royalty for the 
right of using the condenser. This royalty was fixed at one-third of 
the value of the coal saved. Now these pro]>rietors thought it to their 
advantage to redeem these rights by an annual pajment of 2,400/. 
Thus the addition of a Watt’s condenser produced in each engine a 
saving of fuel worth more than 2,400/ pei annum, or more than 
7,200/. for the three engines in the mine in question. 

The use of expansion, which Watt had made known, but which was 
not adopted on a large scale till after Woolfl’s invention of engines 
with two cylinders has increased still more the economy of steam and 
(•(»nsequently of luel — the desidercUum of all who have attempted to 
improve the steam-engine. At first only constant exiiansion was know n, 
hut now, fresh arrangements enable us to make the expansion variable. 

We must not, in justice, in the history of the improvements of the 
steam-engine, mention only the name of Watt. Keane Fitzgerald 
( 1 758) w’^as the first w ho used the fly-wheel to regulate the motion of 
rotation; and the employment of connecting rods and cranks for 
transforming the rectilinear oscillating motion of the pendulum into a 
rotatory motion is due to Washbrough (1778). Lastly, Murray (1801) 
was the inventor of the slide-valve worked by the excentric. For the 
rest, I shall complete as far as jiossible this short history of the 
priigress of tJie steam-engine by describing marine engines, locomo- 
tives and poi table engines 
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V H A VTKU Vlll. 

STKAM NAVIGATION. 

§ I — ]\rAiM\K Ex(;inis 

O NE hundred and two years elapsed between the first actual 
industrial application of the steani-eiigine and the definite 
fixing of one in a ship of which it was to be the mover — ]>etweeii 
Newcomen and Fulton. 

Yet neither the original idea nor attempts at carrying it out w'ere 
wanting. 

We must go back to I^ipin again for the first clear statement of 
the idea of this ajiplication which was destined to have, a century 
later, so considerable a development. In 1695,^ he jiointed out the 
possibility of ajiplying the force of steam “ for rowing against the 
wind ; ” and remarked how far preferable this force would be to 
that of galley slaves for quick motion on the sea ; ” and he proposed 
to substitute ‘'turning oars” for oi dinary oars ; and he puzzled him- 
self to find some machinery fur obtaining a continuous motion of 
rotation. 

More than this, it appears established that in 1707, Papin had 
I)ut this idea, which he had only indicated before, into execution, 
and that he had a steam-engine actually constructed and placed in 
the vessel it was intended to move. He embarked at Cassel, on the 
river Fulda, and, after having reached Munden (Hanover), he pro- 
posed to continue his journey by the Weser as far as Great Britain, 
when the watermen of the river, rising against the great man and 
this invention that seemed to menace their craft, broke the boat and 
the engine to pieces. 

^ Collection printed at Cassel. An extract from the Acta Eruditonm of Leipzig. 
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In 1737, an Englishman, J. Hull, proposed to replace the oars by 
two paddle-wheels behind the vessel, and to turn their common axis 
by a Newcomen’s engine. This project was never put into execution. 

The first experiment of steam navigation, after Papin’s, was made 
at Paris, on the Seine, opposite the Champ de Mars. The boat had 
been built by the Count of Auxirou. A year afterwards, 1775, 
Perier, who was made a member of the Academy, made similar 
experiments with no better success. 

Fresh attempts, with increasing success, followed one another to 
the end of the century. In 1778, the Marquis of Jouffroy tried a 
steamboat at Baume les Dames, on the Doubs, and, three years later, 
at Lyons, on the Saone. In this last attempt, which was reported very 
favourably, he used a boat forty-six metres long and four and a half 
metres broad. An atmospheric steam-engine at first communicated 
motion to two things like shutters, which opened and closed alter- 
nately, but which were afterwards replaced by two paddle-wheels. 

We must further mention, among those who have contributed to 
realize Papin’s idea and invention, Patrick Miller of Dalswinton, 
Scotland, wbo published at Edinbuigh (1787) a work on the substitu- 
tion of paddle-wheels for oars, and on the possibility of employing 
the steam-engine to move them. 

For some years prior to 1787 he had been engaged in a series 
of experimeuts with double and triple vessels propelled by paddle- 
wheels, worked by manual labour. In the experimental trips of 1786 
and 1787 he was assisted by Mr. James Taylor, and at the suggestion 
of the latter it was determined to substitute steam power for manual 
labour. For this purpose, in the early part of 1788, Taylor introduced 
William Symington, an engineer at Wanlockhead Lead Mines, who 
had previously obtained letters patent (June 5, 1787, No. 1,610) for 
“ his new invented steam-engine on principles ' entirely new.’ ” 

An arrangement was made with Symington to apply an engine, 
constructed according to his invention, to one of Mr. Miller’s vessels, 
and the engine was made, the eastings being executed in brass by 
Geoi;ge Watt, founder, of Low Calton, Edinburgh, in 1788. At tlie 
b^inning of October in that year the engine, mounted in a frame, 
was placed upon the deck of a doable pleasure boat, 25ft. long by 
7ft., and connected with two paddle-wheels, one forward and the 
other abaft the engine, in the space between the two hulls of the 
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double boat. On the steam being put in action it propelled the vessel 
along Dalswinion Lake at the rate of five miles an hour. 

The Abb<5 Darnal in France (1781), the Americans Eumsay and 
Fish (1786-1788), I^ord Stanhope (1795), Baldwin (1796), Livingstone 
(1798), Desblancs, Smington, Stevins, Oliver Evans, all made attempts 
to navigate by steam — attempts which continued to increase both in 
Europe and America, until the time of Fulton, the American, who at 
last obtained complete success. 

In 1802 and 1803, Fulton studied in France the practical 
conditions of the problem to be solved, and he was seconded in his 
endeavours by his compatriot Livingstone, at that time United States 
Ambassador. A boat constructed on the Seine gave a velocity of 
1*60 metres per second. 

Fulton made propositions to the French government which were 
not accepted, and their rejection decided him to return to America. 
He had constructed and sent to him by Bolton and Watt a steam- 
engine which when placed on the ship Clermont, in August, 1807, 
furnished at last the definite and practical solution of the problem of 
steam navigation. The voyage from New York to Albany, a distance 
of 180 miles was at first accomplished in thirty-two hours, then in 
thirty horn's, and a regular service w'as not long in being established 
between the two towns. Steam navigation Iiad passed from tlie 
state of outline to that of an accomplislied fact — from the period 
of attempts and experiments to that of success and triumph. 
Seventy years have passed since then 

In August 1812, the steam passage boat Comet, built on the 
Clyde by J. Wood for Mr. Henry Bell, at Port Glasgow, in 1811, 
the first steam vessel ever built in Europe, began to run between 
Glasgow, Greenock, and Helensburgh, with passengers only. She 
was advertised to leave the Broomielaw on Tuesdays, Thursdays, 
and Saturdays, at an hour suitable to the t^de, and to return from 
Greenock on Mondays, Wednesdays, and Fridays. The fares were 
4^. for the best cabin, and 3^. for tlie second, and no gratuities to 
the vessers servants wei'e allowed. The boat was diiven by a con- 
densing steam-engine of four horse-power. She liad at first two sets 
of paddle-wheels on each side of tlie vessel. Her greatest speed 
was five miles per hour. Her dimensions were as follows • — Length 
42ft., breadth lift., depth 5ft. Gins. 
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Great is the interval to-ilay between Fulton’s and Bell’s 8teaiuei*s 
and Ihi* grand transatlantic steamsliips which regularly cross from 
the old to the new world. The progress of steam navigation in the 
last sixty-five years has lieen immense, but we must not forget 
the share which belongs to each of those inventors who without 
being discouraged have worked for this end, from the modest l^apiu 
up to Fulton and Bell. 


§ II. — Paddle Steameus. 

When the power of steam was discovered, the idea had long l>een 
conceived and even tried of replacing the oars by wheels to be turned 
by the muscular action of men or animals. The Bomans and Car- 
thaginians had long before used boats which were moved by paddle- 
w’heels, ancient medals represented the Ubunm (the ships employed 
by the Eomans at Actiuin) with three oars of paddle-wheels along 
the sides turned by three pairs of bullocks. We read that ^ “ jn 
China, where they have been used from time immemorial, are 
to be seen junks with four wheels, moved by an ingenious crank 
worked by men.” In 1472, Valturius de Rimini desciibed a 
wheel the shaft of which w^as moved by men by means of bent 
cranks, and in which paddles replaced oars. A similar prf)peller was 
proposed in 1699, by I)ii Quet to the Academy of Sciences in Paris. 
When Papin, a few years earlier, proposed to apply steam to ships, he 
mentioned the rowing wheel of Prince Palatine Rupert’s sloop, which 
he had seen in England in 1678. These wheels were moved by 
horses yoked to a beam. 

This method of propulsion could not l)e seriously adoj)ted till 
after the discovery and application tS a powerful motor, and we have 
just seen that this motor is steam. It is only therefore since Fulton’s 
and Bell’s time that rivers, lakes, and seas, have been furrowed by 
ships and boats provided with paddle-wheels — that is, the well-known 
arrangement by which a kind of water-wheel on each side the ship 
is set in motion. 

The paddle-boards, which radiate all round the axis, and are 


^ Bibliothiqvs d€$ Merveillet. 
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solidly attached to it by iron rods and fellies (see further on, Fig. oil,) 
are rectangular plates, which when set in motion by the lotation of 
the driving shaft, successively plunge into the water, and pressing 
against it push forward the boat in the direction opposite to that 
of their own motion. The wheels are always two in number, for the 
sake of symmetry and equilibrium ; they are mounted on the same 
axis or shaft which crosses the ship perpendicularly to its length, and 
when they are immersed vertically in the water, their uj)per border 
ought to be covered to a height of *10 to *20 metres. 

The mechanical work of paddles on the water resembles that 
of oars. They produce no useful effect in pushing the boat forw'ard 
except by pushing the water backw^ard. This last motion, without 
which the first, which is the reaction from it, w^onld not exist, is 
called the recoil. It absorbs a considerable quantity of the work of 
the steam independently of the losses occasioned by friction. As an 
example of this division of moving work, we will (|Uoto the w’ords of 
M. Sonnet, as the result of experiments made on the bteamboat. 
Castor working between Honfleur and Havre. ‘‘ Of 100 horse-power 
furnished by the engine 33 9 are emjdoyed to overcome the resistance 
of the water on the ship, which constitutes tlie useful work; 58 ’2 are 
consumed by the recoil, that is to say, to put the w’ater in motion ; 
friction uses up only 7*9.” 

The successive blow’s of the paddles on the water at their entrance 
and exit produce a series of troublesome and fatiguing tremblings in 
the ship wdiich is much diminished by giving a slight inclination to 
•the paddle-boards in the direction of their length. One extremity 
then enters after the other, or, if desired, the immersion may be 
continuous over the w^hole length of the paddle-board. By this 
means the blow^s and the tremblings resulting from them are almost 
insensible. " 

On waters with a calm surface, where the ships can preserve a 
nearly horizontal position of equilibrium, paddle-wheels do excellent 
service. But it is not the same on the sea, where tlie action of the 
rollers makes the ship incline to the right or left, and this inclination 
prevents the axis of the wheels from remaining horizontal. Tlie tw o 
wheels are then immersed unequally in the w’ater and their action on 
the water and their propelling motion becomes unequal The result 
is a dangeitjus deviation in the course of the ship as w^ell as a loss of 

Ci o 
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force and velocity. We speak here of the principal disadvantage of 
paddles -which afiects the progress of ships of all sorts. But in ships 
of war they have a still greater drawback ; they reduce the offensive 
power by taking up the room from the guns ; they reduce the 
defensive j)ower by exposing the propeller itself to the fire of the 
enemy. 

The result has been that the transformation of the navy from 
sailing to steamships was retarded, till a new propeller was invented 
which was not subject to either of the two disadvantages we have Just 
mentioned, and which thus rendered possible a wide application of 
steam power to ships of war. This new proj)eller is the screw, which, 
like the paddle-wheels, steam itself, and many other mechanical and 
physical inventions, &c., has been the object of a pretty numerous 
series of trials and attempts before the true and decisive mark of 
success, that of industrial or practical realization, was obtained. 

Although the system has not been extensively introduced, Ruthven’s 
hydraulic propeller must be mentioned. In this the steam-engine 
is used to eject two jets of water at high velocity, from nozzles at 
the ship’s side. From trials made by the Admiralty with the 
Waterwiteh, this mode of ]>ropulaiun held its own with the screw. 
The nozzles turn in collars fitted to the ship’s side, and can be pointed 
ahead or astern. 


§ III. — Schew Steameks. 

The sciew is nothing else than an ordinary male- screw or frag- 
ment of one, which, forming part of the ship, advances through the 
water and propels the ship, forming the movable female-screw in the 
water itself. The motion of rotation of the screw about the axis of 
the propfiller is produced by a steam-engine on board the ship. 

All that has been said on the propulsive actions of paddle-wheels 
is applicable to the screw. Here also, by pressing on the movable 
mass of water, and impressing on it a motion in a direction contrary 
to that of the ship, the motion of the latter is produced. It is thus 
inevitable that a considerable fraction of the moving force should 
disappear as a pure loss. The advantages of the screw as compared 
with paddle-wheels are of another kind, which we will shortly 
mention. 
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' The screw is placed behind the ship, in a rectangular framework 
which opens near the stern-post. The axis or driving shaft which 
supports it is parallel to the keel. It rests at the front end against 
the buttress, a sort of block solidly fixed in the hold, and behind it 
passes through the hull by a stuffing box. The engine sets this 
shaft and the screw in motion either directly by cranks and knee- 
joints, or indirectly by wheel-gearing. 

This propeller is always immersed, and at such a depth that 
the disturbing motions of the sea have no action upon it. It 
is not therefore subject like the paddle-wheels to inequalities of 
action. In addition to this, the screw is almost entirely pro- 
tected from shot — and so are the engines required to move it, 
since they are fixed like the screw 
below the water-line. Lastly — a 

consideration of the highest interest ^ fyJw 

for steamships of war — the fighting // 

decks are not in the least obstructed 

In general, the screw has this 
further advantage over paddles, that it 
leaves the ship quite free for w^orking 
the sails — so that screw-steamers may 

be rigged to take advantage of the |||||| | 

wind when it is favourable, which is a ^^91 1 HI |i || I 
great advantage from an economical HH |||||F 

point of view, ships with sails and 
paddle-boxes are, on the contrary, 
difficult to manage. 

We will pass in review as briefly as may be the history of the 
invention of the screw and its application to steam navigation. 

As in the cstse of the paddle-wheels, the first attempt was to 
move the screw by living forces, either of men or animals. Duquest 
(1727) availed himself of the currents of rivers for rowing boats, 
by using Archimedes' 8ci*ew. Paucton (17G8) employed a helicoid 
of four branches which he turned by the hand. 

In 1803, the engineer Dallery took out a patent for the propeller 
moved by steam and composed of two screws — one with a movable 
axis, placed in front, serving for rudder, and the other placed behind, 

o Q 2 
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adding its impulse to that of the former — and in this way the ship 
was moved. The names of Shorter (1802), Samuel Brown (1826), the 
clever French Captain Delisle (1823), the brothers Bourdon and 
Savage (1832), sliould be quoted in the list of those who have con- 
ceived plans or made attempts towards the application of the screw 
to propelling sliips 

Two men — an English mechanic. Smith, formerly a simple farmer, 
and the Swedish engineer, Ericson — may be considered as having 
definitely and almost simultaneously solved the problem. 

The Archimedes, a steamship of 90 horse-power, was the first vessel 
which w^as driven by the action of one of Smith's screw-propellers in 
1838. Four years later the Princeton of 220 horse-power, pi*ovided 
with an Ericson 's screw was launched in the United States. 

The first attempts of the Sw^ede Ericson were made in England. 
A ship called the Francis J?. Ogden, provided wdth his propeller, 
towed a schooner of 140 tons burden, at the rate of seven miles an 
hour. But Ericson having received no encouragement in England 
went to the United States, where his invention w’as received with the 
enthusiasm it deserved. He had allied himself before his departure 
wdth Stockton, a naval officer of the United States, and it was on the 
Robert Stockton, a screw steamer of seventy horse-power, that they 
crossed the ocean together, and disembarked on the coasts of the 
great Republia The Princeton soon followed this first English 
constmeted lx)at. 

In 1842, France followed the example set by the two great mari- 
time jiowers. A ship of 130 horse-power provided with an Ericson 
screw was constructed at Havre. 

Since that time the transformation of fleets into screw steamships 
has made great progi-ess in the world. Merchant vessels aikd packets 
followed the example, without the system of paddle-wheel propellers, 
w'hich also has its advantages, being altogether abandoned. This 
is not the place to give the history of these changes ; we return, 
therefore, to the description of the diflerent screws adopted, and 
then take up again that of marine steam-engines which are more 
particularly our study. 

Smith's first screws were formed of a whole turn it)und the axis ; 
later he reduced the screw to a half turn, but doubled it (Fig. 307). 
Experience soon showed that the extension of the spire in the 
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direction of the axis might and ought to be considerably reduced. 
Much smaller fractions were then employed, and the branches or 
wings of the propeller were multiplied, though they were often no more 
than four and sometimes two in number (Fig. 308). The employment 
of screws with six blades or more, offers more disadvantages than 
advantages, for the action of one would interfere with that of another. 

Fio ^07 — Smith s flrKt nunh I h( u wr bingle 8( rew \tiih loinjilete tiiiii tinnhh sc i« \Mth half tuni 

It is the extension of the diameter of the blades of tlie screw and the 
rapidity of rotation that gives most power to the propeller. 

We have stated how the screw is arranged in its frame behind a 
ship. We should add that to avoid the resistance which vould be 
offered by the screw in the ease of sailing being substituted for steam, 
arrangements are made either to inahe it loose, or to take it for a time 
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out of its fmme. In the latter case a well is formed in the hinder 
part of the vessel, the screw is taken off, and raised betw(?en sliding 
boards into the well where it can also be examined and repaired accord- 
ing to requirements. 

In Griffith’s screw propeller — probably the best modification of the 
common screw now in use — a hollow sphere is substituted for tlie 
central position of the blades, which in the ordinary form absorbs 
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20 per cent, of the propelling power, without giving any useful effect, 
as the blade is then nearly in a line with the shaft. 

Several experiments have been made lately with twin screws, 
arranged one on each side of the keel, instead of a single one in the 
axis of the vessel. Great facility is afforded by this arrangement for 
turning and steering with or without a rudder, but so far as speed is 
concerned, no advantage is gained. 


§ IV. — Mabine Boilers and Engines. 

We are now acquainted with the propellers for steamships, and we 
must next inquire how steam, the only motive force sufficiently 
powerful to fall back upon as a substitute for the inconstant and 
often contrary force of the wind, gives to the wheels or the screw 
their rotatory motion. 

Is the steam-engine, such as we have described it, modified in any 
essential particulars when it becomes a marine engine ? 

No. In reality, not only is the principle identical, but the chief 
parts — ^the generator, the driving and transmitting machinery remain 
the same. They have only, as we shall see, to submit to the particular 
necessities of being placed in a ship. 

At first, low-pressure engines with condensation — ^that is to say, 
Watt’s beam engines — which were tlie only ones elsewhere employed 
in industry — formed the type of navigating engines, w^hether on 
rivers, lakes, or seas; and paddle-boats still use them with advantage. 
Their motion is comparatively slow, but as is well known, this slow- 
ness is largely compensated for by the regularity of their w’orking. 
They are unwieldy and cumbersome certainly, but all their parts are 
easily accessible for inspection, maintenance, and, when needed, foi* 
repairs. These engines werq adopted in the navies of England and 
France before the invention of the screw had changed the conditions 
of the problem. For working the screw, these engines give too slow 
a motion of rotation — which would no doubt be easy to multiply by 
cog-wheels^ but at the expense of the effective force of the engines, 
in other words, of their available work. 

Condensation is generally adopted not only where it is necessary, 
that is to say in low-pressure engines, but also in marine engines 
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at mean and high pressure. The abundance of water renders the 
employment of condensers easy and economical. 

The steam-engines employed in navigation are the most powerful 
constructed. It is not rare for their effective force to be measured 
by hundreds of horse-power. In some ships of the navy horse- 
power is indeed counted by thousands. We must add that the 
estimation of tlie power of the engines in horse-power — what is 
called their nominal force — is made differently for these and for land- 
engines. Tlie loiv-prew(re hornc-power, or nominal horse-pofver, in 
shipping, means not 33,000 only, but more than 44,000 foot-pounds 



Fio SOD -Tubular boiler, with return flame, oi 
the Heetioii 


Fir, UO —Marine tntmlnr boiler with retiini 
flame neetion 



the mean being 47,000 on the shaft and 59,400 on tlie pistons. The 
reason of this is that the loss of motive power in the recoil has forced 
constructors to exaggerate the force in view of the useful effect to be 
produced. Even the numbers we have just given are now too small ; 
in the United States shipping the horse-power nominal reaches 
182,000 foot pounds. 

At this rate the steam frigate Friediand, whose engines have an 
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effective power of 4,000 horses at 33,000 foot-pounds, ought to be 
reckoned to have only 1,000 horae-power nominal. 

To obtain such power it is necessary to employ generators that are 
capable of vaporizing considerable weights of water, and having 
therefore large heating surfaces. 

Tubular boilers are generally employed, of which Figs. 309 and 
310 represent types. Besides this, a single boiler and a single 
furnace are not considered enough, — the Warrio?', for instance, has 
10 boilers and 46 furnaces on boaid. 

The amount of fuel consumed is something enormous. We will 
quote a few figures. 

The Great Eastern, the largest vessel afloat, the gross tonnage of 
which is 22,300 tons, is furnished both with screw and paddles. The 
engines of the former are 1,600 hoi’se-power nominal, of the latter 
1,000 horse-power nominal. Her average consumption of coal a day 
is 270 tons; with this consumption her paddles revolve 13,000 times 
and her screw 52,500 times a day. 

The French armour-plated Irigate Friedland, which, with its com- 
plete freight of coal and munitions weighs 7,200 tons, consumes at 
full speed about five tons of coal an hour, or 125 tons every day she 
continues to travel. This is an expense which varies according to the 
price of coal from £160 to £200 a day for the fuel alone. 

The external appearance of marine boilers and engines is not 
very like that of the steam-engines employed in manufactories. 
Although all their parts are of relatively large size, they are arranged so 
as to occupy the smallest possible space. Boilers, condensers, driving 
machinery, &c., all are set close together. 

The chief special types of Marine Engines are as follows : — 

T runic-engine . — In this engine there is a hollow cylinder fastened 
to the piston itself, and working steam-tight through the cylinder 
cover. At the bottom of the hollow cylinder the connecting rod is 
made fast, the hollow cylinder being large enough for its vibrations, 
thus doing away with all the parallel motion and piston-rod. Some- 
times the hollow cylinder is made to pass through both ends of the 
large cylinder, to equalise the pressure. 

Hide-lever Engine . — The side-lever engine is an engine something 
after the fashion of the beam-engine, but having the beam about the 
level of the bottom of the cylinder, and the top of the piston-rod 
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made fast to it by means of a cross-head brought down by side pieces. 
At the other end of the beam there is a connecting-rod to the crank. 
In this form, the rod connecting the crank and the end of the beam 
may be longer ; the power is thus delivered to the crank more equally, 
and the weights of the moving parts are balanced, so that a slight 
pressure of steam is able to drive the engine both ahead and astern, 
the parts being in equilibrium. But there is an objection to this kind 
of engine, the parts are heavy and not compact, these qualities 
being most detrimental in a war-steamer. 

Osrillativff Engine . — This engine has derived most of its elegance 
and peifectioii from Mr. Penn. The name of the engine is derived 
from the fact that the cylinders oscillate upon hollow axes or 
“ trunnions,” through which the steam is admitted and withdrawn 
from the valves ; the piston-rod connects itself to the crank without 
the use of any extra gearing ; in fact this is one of the most direct- 
acting engines known, and is used in the largest ocean as well as the 
rnnallest river steamers, in the latter of which it was first tried by 
M audsley. 

Annular Engine . — In this variety of engine the cylinder is made iu 
the form of a ring with a central cylinder. There are two piston-rods 
made fast to a cross-head in the form of a T, the tail of which works 
in the central cylinder between sliding faces, the connecting-rod 
being fastened at the end of the tail, which transmits the power to 
the crank. This kind of engine allows a long connecting-rod and 
therefore the paddle-shaft high. 

Fig. 311 represents a side-lever engine. The l^m oscillates below 
the cylinder and piston — an arrangement rendered necessary by the 
situation of the driving shaft, or the axis of the paddles, which 
necessarily occupies an elevated position in paddle-ships. The con- 
necting-rods are joined immediately to the shaft, which is bent at two 
points so as to form two cranks at a right angle, each working with 
one cylinder. The cylinders are vertical. When the same type of 
machines is applied to the screw the cylinders are placed horizontally 
across the ship. Sometimes direct horizontal machines with two 
cylinders are preferred, and then the connecting-rods work on a crank 
on the shaft of the screw itself 

The cylinders of marine engines are often of colossal dimensions. 
Those of* tlie Oreat Eaetem are 7 feet in diameter, with a 4 foot 
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stroke. In the M%iiota%iT the cylinders are 9 feet 4 inches in diameter, 
with a 4 feet 4 inch stroke. The cylinders of the Friedland engines 
have an interior diameter of 2’10 metres, and the stroke of their 
pistons is not less than 130 metres. The pressure of the steam is 
thus exerted for each piston on a surface of about 3-50 square metres ; 
if we suppose the tension of the steam to be two-and-a-half atmo- 
sjdieres, this pressure is equal to 90,000 kilogrammes. To guide 
pistons of such dimensions, not one only but two or four rods are 
employed, winch articulate by a transverse with the connecting-rod. 



1 lo U 1 -»8ide lever eiigtue of the bpk^nx 


The latter returns upon itself to articulate with the knee of the 
driving-shaft, performing the function of the crank, and for that 
reason it is called the return connecting-rod. 

The engine of the Friediand is remarkable not only for its 
dimensions, its power, and the speed it gives to the ship, which in 
calm weather is not less than fourteen and a half knots an hour, 
that is about seventeen and a half miles. Its screw is 6*10 metres 
in diameter ; it was to be seen in motion in the Paris Exhibition of 
18C7, and any one placing himself in the direction of the motion of 
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the blades of its screw felt ihe sensation of a current of air produceii 
by the motion of its enormous whirls. This engine is also remarkable 
as a type with special qualities, on which we will say a few words in 
conclusion. It is an expansion engine on WoolfF’s system, with this 
peculiar arrangement, that it comprises three equal cylinders of the 
same diameter and the same height. The steam is at first introduced 
into one ’cylinder only, the middle one ; after having worked at full 
pressure in this, it then enters the two lateral cylindeis, where it 
expands, and passes thence into two separate condensers. On 
leaving the boiler, the steam circulates in a drying apparatus, and 
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then bifurcates into the steam jackets of tlie extreme cylinders. 
For equal power and equal weight of engines a remarkable economy 
of fuel is obtained with this system, as compared with the double 
cylinder system. The knees or cranks of the driving shaft, which 
receive the heads of the connecting-rods are an-anged at right angles 
in the corresponding knees of the two outside pistons, and in the 
bisector of that angle produced in the case of the middle knee, the 
advantage results, that all the movable pieces keep very nearly the 
same position of equilibrium about the axis of the shaft, whatsoever 
may be the position of the ship as determined by rolling. 
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The trunk engines and oscillating engines, which have been 
described in the paragraphs relating to transmitting machinery, 
are often employed in steam navigation, whether on rivers or at 
sea. I think I liave already said that the first are cliiefly used 
in the English marine. In general the differences to be met with 
between the fixed land engines and the marine are almost all due to 
modifications rendered necessary by the question of space and 
position 
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CHAPTEE IX. 

THE LOCOMOTIVE. 

§ 1. — Steam on the Eailways. — The Fikst Locomotives. 

T he parent of the locomotive is the steam carnage. The first 
attempts at carriages moved by steam date fiom the time of 
a French engineer, Cugnot, who in 1709 invented and constructed 
at I^aris a carriage which was intended to be moved by steam 
along the ordinary roads. After him came Oliver Evans, who, in 
Philadelphia in 1804, constructed the first carriage of this kind that 
was seen in America. 

Locomotion on roads by means of steam could not succeed or 
obtain the immense extension it now possesses but for the adoption of 
a new kind of roadway. This was at first applied to the transport of 
materials at coal mines. Thus we find in the year 1745 cast-iron 
rails fixed on sleepers forming a mineral railway from Tranent to 
Cockenzie in Scotland. At present there was no flange: this was 
added afterwards. To Eichard Trevethick belongs the merit of 
inventing a self-acting steam-carriage to travel with flanged wheels 
on rails. This was at work on the Merthyr Tydvil Eailway in 
1804, This locomotive was capable of drawing ten tons at a rate 
of five miles an hour. Progress at this time was much impeded by 
the idea that great speed could never be attained by smooth wheels 
on smooth rails, or that a load could be drawn up an incline. SevemI 
meems of overcoming this practical difficulty were suggested,^ when an 

' For example, the employment of a toothed wheel working into a rack placed 
between the rails, or movable jambs, which were alternately pressed against the 
ground and then raised. 
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English engineer, Blackett (1813), proved that the adherence of the 
locomotive to the rails could be secured. To this period belongs 
“Puffing Billy” (Plate XVL), in which the axle-trees were kept 
working together by means of an endless chain. The adherence of 
all the wheels of the locomotive was thus secured. 

The “ Puffing Billy,” the oldest locomotive engine in existence, 
and the first which ran with a smooth wheel on a smooth rail, was 
constructed in 1813 by Jonathan Foster, under William Hedley’s 
j>atent, for Christopher Blackett, Esq, the proprietor of the Wylarn 
Collieries near Newcastle-upon-Tyne. This engine, after many trials 
and altemtions, commenced regular working in 1813, and with tender 
and two trucks, a total load amounting to fifty tons, ran at an average 
rate of six miles an hour. It was kept at work until the 6th 
June, 1862, and was then purchased for the Patent Museum. 

It may be said that fn)m tliis moment locomotion on iron rails by 
means of carriages moved by steam was a problem practically solved. 
Nevertheless, the locomotive did not as yet give a satisfactory 
result; the quantity of steam that the boiler could furnish was 
insufficient for the work or the velocity that was to be obtained. 
The reason of this lay in the nature of the boiler, the water in 
which was heated by a fire within a tube which traversed its whole 
length. The healing surface was not large enough for the vaporization 
required, and the dmught was altogether insufficient. 

In the years 1814 to 1820, thanks to the combination of George 
Stephenson, William James, and Edward Pease, the importance of 
improving the locomotive was clearly seen. Stephenson was em- 
ployed on the Killingworth Eailway in 1814, and often saw “Puffing 
Billy ” at work. An Act of Parliament w»as obtained for a passenger 
railway between Stockton and Darlington in 1821, and James en- 
deavoured, without success, to establish a railway between Liverpool 
and Manchester in 1822. By 1829 the locomotive had arrived at 
the form shown in Fig. 313, which represents the locomotive engine 
“ Pocket,” constructed by Stephenson, to compete with other engines 
on the Liverpool and Manchester Baibvay, where it gkined the prize 
of £500. The Liverpool and Manchester Kailway was formally 
opened for passenger traffic on the 15th September, 1830. 

The locomotives of Stephenson and Hackworth in many respects 
realized improvements which had their importance. The driving 
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and transmitting machinery, the adhesion of tlic wheels to the lails 
were the objects of arrangements it would take too long to describe. 
The substitution of the tubular for the ordinary boiler, with a draught 
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produced by a jet of steam, produced a decided revolution in the appli- 
cation of steam-engines to locomotion on iron ways. Ihe invention 
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of tubular boilers is due to Mark Seguin. Owing to the enormous 
increase of Imating surface which this ari*angeinent affords, without 
augmenting the dimensions of the generator, vaporization is increased 
and tlie power of the engines is multiplied in proportion; but in order 
that so large a pi\)duction of steam may take place, the activity of the 
lire must be kept up by an energetic draught, which the small heiglit 
of the chimneys in a locomotive cannot give. It was therefore an 
equally happy discovery to make use ot the steam when it had acted 
on the piston, and let it escape in the chimney itself, giving us what 
is termed the “ steam blast,*' that is, a rapid current at each motion of 
tlie piston, which draws the air and gases of combustion through the 
lubes, and thus forms a draught in the body of the fire. Haekworth, 
Pelletier, and (J. Stephenson are crmsidered to be the inventors of 
this important improvement, which gave all its value to the tubular 
boiler in locomotive^ 


II. — Thk Modekn Loc’o.MonvE. 

Let us now see what the locomotive has become after forty years 
of incessant improvements. 

Figs. 314, 313 and 31 G represent a longitudinal section and 
two transvcise sections in the front and at the back of the engine, 
and they will explain its principal arrangements. 

And first about the steam-generator. 

Ihe boiler of a locomotive is tubular. It is composed of two 
principal parts : one, situated behind, and of rectangular form, incloses 
the fire, which is surrounded on all sides except the under one with 
water ; the other, the cylindrical body, so named from the form of its 
covering, contains two distinct chambers. In the lower half are 
placed the tubes by which the smoke and gases of combustion pass 
from the fire to the chimney. All the tubes, often in considerable 
number, are surrounded by the water in the cylindrical body. The 
upper half of the cylindrical body is the steam space, which by a 
pipe bent forwards and backwards {pssu, Fig. 314), opens at one end 
in the steam dome, and at the other in the steam-chest of each of the 
two cylinders of the engine. 

The driver can open or close at will, by means of the handle r, 
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the Valves of a diaphragm, 5, which gives ])assage to the steam, sto})s 
it or introduces it, in greater or less quantity into tlie pistons ; this 
is called the regulator, and on account of its form, the hutterfly-valvt*. 

On the convex surface of tlie cylindrical body are seen the 
accessory apparatus — safety-valves, pressure-gauge, water-gauge, and 
steam-whistle. 

What is the distinctive ehameteristic of the boil(‘r of a locomotive^ 
It is, undoubtedly, the enormous extent of tla* beating surface rela- 
tively to the \Nliole cnjmcity. To sliow in wliat piojiortion this 
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element is increased by the adoption of tlje tubes, we may (piote 
some numbers. In a Crainptoii’s locomotive the coverings of the 
fire, that is, the surface for heating by radiation, is but 8*05 square 
metres, the surface for heating by contact, that is to say that ot the 
tubes that take up the gases of combustion, is 88’92 square metres, 
that is, more than ten times as great. In an English goods traffic 
engine the numbers are respectively 9*70 m. and 180 70 ni. ; the tubes 
augmeut the beating surface in the ratio of 1 : 18 * 6 . hence, we 
repeat, the importance of the steam blast, without wdiicli the activity 
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of the tire could not suffice for so considerable a production of steam, 
and without w^hich consequently the tubular boiler in the locomotive 
would lose its princijml advantage. In locomotive engines, says M. 
Perdonnet, each square metre of heating surface produces from two to 
three times as much steam as in the boilers of fixed engines. 

Locomotives are high-pressure engines without condensation. 
This is a necessary consequence of the following circumstances. The 
steam must escape into tlie air, therefore, it cannot be a low- 
pressure engine ; in escaping it must produce the blast, therefore it 
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cannot be condensed. It is* generally employed at a pressure of eight 
or nine atmospheres. 

But it works with expansion, and a peculiar mechanism, the lirUc- 
rnotion of Stephenson, allows the expansion to be varied, and at the 
same time renders possible a change in the direction of the motion. 
A locomotive, like a steamboat (and the necessity of such an 
arrangement is obvious), can be made to go backwards as well as 
forwards. 
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The locomotive is in reality, so far as regards the driving machinery, 
formed of two steam-engines coupled together. There are two cylin- 
ders, each provided with its piston and its slide-valve, and each 
piston-rod acts, by a connecting-rod, on the crank or knee of the axle 
which carries the pair of driving-wheels. There are even in some 
kinds of locomotives four cylinders and four engines, working two by 
two, on two different axles. There is nothing special, except in 
the working and the details, to distinguish the driving-machinery 
from that we have seen at work in fixed engines, whether on land 
or sea. The drawings given show the arrangement of the cylinders, 
which are generally placed in front, sometimes horizontal, sometimes 
slightly inclined, sometimes placed outside the framework containing 
the boiler and engine, sometimes inside. In the figure the cylinders 
are inside and horizontal. This is the arrangement generally preferred 
in England. 

Our longitudinal and tmnsverse sections of a locomotive show its 
arrangements clearly. In Fig. 314 the distribution and escape of the 
steam are shown. Tlie steam, which is brought by the pipe ss as far 
as the space called the smoke-box, finds there two conduits, uu, which 
end, after making a turn, in the steam-chests of the two cylinders ; 
after having acted on the pistons, it crosses the pipes v v, and by the 
vertical pipe v, which opens at the base of the chimney, it escapes 
and produces a sudden puff, which one always hears in a moving 
locomotive. 

The rapidity with which these noises, produced by the escape of 
the steam, succeed each other when the train is at full speed indicates 
the number of strokes of the piston in each cylinder. The number 
may be calculated according to the velocity of the train. In express 
trains this velocity reaches forty miles an hour, and if we suppose 
this distance run by a passenger-engine whose driving-wheel is 7 ft. 
9 in. diameter, or 24 feet circumference, the engine has made 8800 
turns of the wheel, each of which corresponds to a double stroke of 
the pistons. This is 2 J double, or 5 single strokes per second. 
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III. — The Tkincipal Tvpes of Locomotives, 

If tlie loeoiuotive has a special character which distinguishes it 
fnmi otlier steam-engines, sucli as the fixed industrial engines, or the 
movable engines for navigation, it does not follow that it constitutes 
a single and unifonn type. It is a ffcnus, but this genus comprises 
numerous species and varieties. 

These species, of which 1 can only describe the j)rincipal, have 
been successively formed for the many and increasing lequirements 
of the various kinds of transport. Locomotives may be primarily 
divided into two very distinct types ; — 

The passenger-engines, solely destined to carry rai)idly trains of 
i\{) great weight (Express service.) 

The goods-engines, specially set apart for moving with moderate 
speed very heavy loads. (Slow service.) 

Naturally a third tyj>e, intermediate between the two first, partici- 
pating in their mean cpialities, must have arisen. These are : 

Ifixed locomfitives, employed to draw trains with passenger car- 
riages and goods waggons together, or perhaj>s capable of being used 
I'ither for fast or slow trains. 

Besides tliese thiw principal types other forms of locomotives 
have l)een constructed for special purposes. We will pass in review 
.some examples of each of them. 

Fii-st the (express passenger-engine par cjrcellence (Fig. 317). 
This is (Tamptf)u’.s hKornotive, characterized by the large diameter of 
its two 'driving-whecLs, and the short stroke of the piston ; two condi- 
tions which, joined to a high vaporising j)Ower, make it the race-horse 
of the iron way. For the thirty-five years that this excellent engine has 
been tried, it has not ceased to respond to all the demands of the 
service. It has great stability, arising from the lowness of the general 
c(Mitre of gravity, and the interval between its axle-trees. Of a 
mean weight of thirty tons, it will draw a train of twelve or sixteen 
carriages of 100 to 130 tons, with a velocity, including stoppages, 
of thirty-seven miles an hour. 

A Crampton, without its tender, costs £2600. 

The engines of Macconnell, Buddicomb, Sturrock, and Stephen- 
son s three-cylinder, are also good express engines. The third 
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cylinder in Stephenson’s engine is to prevent an oscillating motion 
which the locomotive receives under the action of the two lateral 
pistons, and which is shared in by all the carriages of the train. One 
is reminded that it is partly for motives of equilibrium that M. 
Bupuy de Lome has employed three cylinders in marine engines. 

We may take in the same way the Engerth type as the most 
marked of the locomotive engines for slow service, used to drag 
heavy loads. On looking only at its general physiognomy, and 
comparing it with a Crampton engine, one sees in an instant that we 
are dealing with a powerful engine, and if one may be comj)ared to a 
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race-liorse, the other may no less fairly bo compared to a cart- or 
(Irausht-horse. 

The mean velocity of an En^ei-th (for there are several varieties) 
is 15 miles per hour ; but they can drag a load of 450 tons. Their 
weight is as much as 63 tons, which is borne partly, along with the 
tender, on tlie wheels of the latter, but which is principally supported 
by four pairs of wheels of equal diameter, coupled by connecting-rods. 
Contrary to Crampton’s tj^ie, the goods engines of this type have 
several pairs of driving-wheels — of small diameter — and a long 
stroke for the pistons of their cylinders. Great length is given to the 
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boiler the cylindrical body and the tubes, and great dimensions to 
the fire. 

In this, in the large heating surface, and the vaporizing power of 
tlie boiler, lie the secret of the enormous force of traction with 
Mhich this remarkable type is endowed. 



The first Engerths ^ were provided with a set of cog-wheels, with 
the (object of enabling them to ascend the inclines of the Scemmering. 
The types f)f mixed engine.s, or locomotives of modemte speed, 
j»artake of the characters of the two first types. Two pairs of coupled 



wheels of a diameter varying between 1*50 and 1*70 metres, a moderate 
length of the stroke of the piston, a weight of al)out 25 to 30 tons, 
the regulation velocity 29 miles per hour, a force of traction of 180 

^ So ciilled from the name of the inventor, an Austrian engineer, who designed 
them at fimt for une on lines with heavy inclines. 
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to 200 tons ; all these elements, it may be seen, are comprised in the 
corresponding elements of the extreme types. 

Then comes tliat class of locomotives, sometimes economical and of 
small relative power, sometimes costly and complicated, but possessing 
a force of traction ^vhlch makes them capable of drawing the heaviest 
loads in damp and rainy seasons, and of ascending the heavy inclines 
now adopted on a large number of new lines. These last machines, 
of which Fig 819 represents a model, are called mountain locomotivea, 
OY engines for gradients. It would be necessary for completeness to 
multiidy discussions and figures, to mention the pilot-engines, which 
give warning or help those drawing too heavy a load, the extra engines 
sent out in cases of accident, besides the t} jics on foreign lines, the 
locomotives of German and American railways, heated wdtli wood, 
whose pointed buffers, rail guards, and cliimueys widened at the top, 
give them so original an appearance. Hut details so complete and 
circumstantial w^ould exceed the scope of this work. 


§ IV— Compuessfd-Aiu Locomo fives. 

Hefoie we quit the subject of locomotives and railways, there is 
another kind of engine to bo referred to which we introduce in this 
])lace in order that the action of steam may be compared with that of 
another gas under pressure — namely, compressed air. 

The boring of a tunnel of any importance presents difficulties of 
various kinds, among which may be mentioned the clearing away 
of the rubbish arising from the excavation of the gallery, whenever 
that reaches any considerable length. 

Thus in the St. Gothard Tunnel the work w’as begun from tw'o 
points, Airolo and Gceschenen, the tw^o extremities of the future 
tunnel. The advance of the gallery, which is pushed on with activity, 
produces about 400 cubic metres of rubbish a day at each of the two 
faces of attack. To carry away this mass of mbbish, which is thrown 
regularly into trucks running on rails, it is impossible to employ 
steam locomotives as the cul de sac nature of the galleries prevents 
effectual ventilation. The high price of hoi'ses and the large number 
required prevent their use. The idea suggested itself of making use 
of compressed air locomotives. We have already show’n how 
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eorapi-essed air is used to work the perforating machines used in 
boring the tunnel ; by tlie employment of compressed-air locomotives 



ventilation of the galleries would be produced^ as these machines 
would allow only pure air to escape 

A fii'st attempt was made in which two ordinary locomotives were 
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employed, one at each side of the tunnel ; the boilers, in wliich, of 
course, there was no water, were filled with condensed air under 
a pressure of four atmospheres. This air played the part usually 
done by steam, passed into slide valves, entered the cylinders alter- 
nately on each face of the pistons, which it set in motion, and then 
e8caj»ed into the atmosphere. 

It is easily seen that if compressed air were to be employed, it 
would be indispensable to have a very considerable quantity of it ; 
the boiler of a locomotive, sufficient when it is worked by means of 
steam constantly produced under the action of heat, was too small to 
contain a quantity of air sufficient lor use without l)eing filled. This 
led to adding to each locomotive a special reservoir for compressed 
air ; each locomotive was accompanied, as a kind of tender, by a long 
sheet-iron cylinder, 8 metres long and metres diameter, supported 
towaids its extremities by two tnicks, which, on starting, were filled 
with condensed air, and ^^hich communicated by a tube with the 



distributing apparatus of the cylindei’s. Tlie locomotive then worked 
as before, except that compressed air came from the reservoirs 
instead of from the lioiler. The two locomotives, the Ham and the 
Tmin, Avorked economically for about two yeai^s, in spite of the 
awkwardness of the long cylinders that accompanied them. At de- 
parture the pressure in the reservoir was about 7 kilogrammes per 
square centimetre; the locomotive having drawn a train of twelve 
loaded waggons along a course of about 600 metres, the pressure was 
found to fall to 4^ kilogrammes ; the train tlien returned empty to 
the point of departure, and the final pressure w^as found to be 2 J 
kilogrammes. 

In spite of the relatively advantageous results which w^ere obtained, 
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the eniploYinent of compressed air in a steam locomotive presented 
a certain number of drawbacks. It is expedient that the air should 
issue from the cylinder under the least possible pressure, in order that 
refrigeration may be reduced to a minimum ; for it is known that the 
expansion of gas is accompanied by a loss of heat which increases 
M ith the pressure 

On the other hand it is necessary tliat the air should arrive in the 
distributing apparatus with the least possible pressure, for it is in this 
apparatus, in the slide-valve, that the gi'eatest losses take place, and 
these losses increase in proportion to the pressure. 

M. Ribourt, the engineer of the tunnel, has devised an arrange- 
ment which allows the compressed gas to flow at a fixed pressui*e 
whatever may lie the pressure in the reservoir. The gas in escaping 
fiom the reservoir enters a cylinder b (Fig. 321), over a certain extent 
of the walls of which are openings m m, that communicate with 
another cylinder c, which surrounds it to the same extent, and which 
is connected with the slide-valve by which the air is distributed, or, 
more generally, wdth the space in which this air is to be utilised. On 
one side moves a piston, E, which shuts the cylinder and hinders the 
escape of the air. This piston carries externally a shaft, F, which 
bupporis externally a spiral spring, H, the force of which is regulated 
by means of a screw. Internally it is connected by another shaft, L, 
with a second piston, N, which bears a cylinder, M, movable in the 
interior of the principal pump, and fonning thus a sort of internal 
sheatli. This sheath presents openings, n n, which may coincide 
exactly with those already referred to, and in that case the gas passes 
without difficulty from the reservoir at the point where it is to be 
employed. But if the sheath is displaced, the openings no longer 
correspond, there is resistance to the passage, and consequently 
diminution of the quantity of gas which flows out, and hence lowering 
of pressure in the exterior cylinder. By making the position of the 
sheath to vary continuously we may make the pressure of exit constant, 
notwithstanding the continuous variation at entry. But the apparatus 
is automatic. In fact the part of the cylinder B comprised between 
the bottom and the piston N communicates by openings, p (which are 
never covered with the escape-tube of the gas), in such a manner that 
upon its posterior face the piston N receives the pressure of the gas at 
the moment when it flows, a piessuin which it is sought to render 
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constant. The piston E receives on its anterior face the action of the 
spring, 'which can be regulated at pleasure. As to the otlier faces of 
the two pistons, they are subjected to equal actions proceeding from 
the pressure of tlie gas at its entry, actions which thus counteract each 
other; so that tlie forces which determine the position of the movable 
system are on the one liand the tensrion of the spring, a constant and 
determined force, and on the other hand, the pressure of the flowing 
gas; and thus equilibrium cannot occur unless the two forces are 
equal. If the gas should flow in too great quantity, the pressure 
increases on the posterior face of the piston N, the spring is overcome, 
and the movable system advances a little towards the left ; but then 
the orifices are iiartly coveied and the flow diminishes If the 
})re8sure then becomes too weak at the exit, the spring in its turn 
})revails, pushes the slieath towards the right, uncovers the orifices, 
and consequently a greater quantity of air may enter.^ 


§ V. — Steam- C'akkiages, ok IIoad-Locomotives 

The first steam-carriages were designed for and used upon ordinary 
roads before the invention of railways. We have seen that they 
could not succeed. 

Now the reasons of this want of success were manifold ; some arose 
from the relative imjierfection of the steam-engines employed for the 
purpose, as also the driving machinery, others arose from the very 
nature of the road on which these carriages were to move. The powcu* 
of a locomotive has some relation to its weight, although it would be 
erroneous to believe in this ca'^e in the necessity of increasing tlie 
w^eight in order to increase the adhesion. The wheels, and especially 
the driving wheels, support this always heavy weight, and discharge 
themselves of it on the road itself at the points wheie they are in 
contact with it. Now, how’ever well laid and paved the road may 
be, the ground yields to the pressure, ruts are formed, and at the end 
of a short time the engines come to a stand on the road. 

In London in 1862 Bray’s locomotives w^ere employed to draw 
heavy loads on the ordinary macadamized or paved roads, in trenches 

* For this description the editor is indebted to an account given in Nature , 
April S, 1870. 
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or trams, loaded with burdens too heavy to be moved by horses. In 
1864 experiments were made at Nantes with a road-engine, con- 
structed by one of the most experienced of French mechanicians, M. 
Lotz. In August of the year following these experiments weie 
repeated at Paris, and gave interesting results. 

With a load of five to six tons the velocity of Lotz' loc’omotive 
reaches ten miles an hour on a roa<l in good condition ; it will draw 
a load of 12 to 1.1 tons at the rate of 3J miles, ascending slopes 
varying from 7 to 13 inches in a hun<li*ed. 

One of the disadvantages of this method of transport is the great 
variation in the amount of work to be done by forces \vhi(*h remain 
sensibly constant. Larmanjat's locomotive takes tliis difficjulty into 
account. For the huge driving-wheels, going at the mte of ten miles 
an hour, can be reatlily substituted two of smaller diameter, working 
with the former and placed inside them. This substitution diminishes 
the velocity of the engine, and if this be reduced by one half, the 
force of traction will be doubled, and tiie locojuotive can then over- 
come obstacles which the slope or bad state f»f the roads may oppos^e 
to its passage. An engine of this sort was shown at the Paris E.xhi- 
bition in 1867. It was of .3 horse-power. “ It started from the Auxerre 
terminus, drawing a heavy truck with low wheels, carrying a load of 
about three tons, and with this load it was able, by the employment 
of its small wheels, to ascend a long incline ul 8 in a hundred with a 
mean velocity of five miles an hour.” Other experiments, made con- 
tinuously in the suburbs of l^aris, have been very favourable, it 
seems, to this system. The view we give of M. Larmaujat’s road- 
engine (Fig. 322) is taken from nature, on one of the numerous trials 
recently made in Paris in the Trocadero. 

We ought also to mention M. Albaret’s, of Leancourt (Aisne), 
road-engine, w'hich has l>een tried for two years in the Oepartements 
du Nord and the Jura, drawing loads of 12 tons on roads with inclines 
of 5 or 6 in the hundred, witli a maximum velocity of 3 j miles an 
hour, and that of M. Garret, which has drawn a diligence with 1 5 
passengers from Auxerre to Avallon and back at a mean velocity of 
7 miles an hour. 

The English and Americans have not been beliindhand in this 
kind of research. They have made many attempts to solve practically 
the question of steam-locomotion on ordinary roads. The difficulty 
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has been of course to avoul the ruts occasioned by the weight ot 
the engines. Witli this object Boydell employed an endless rail, 
which placed itself in front of the wheel, and lested on the ground by 
mcHns of broad shoes The complication of the machinery and the 
small velocity obtained led to the abandonment of this system 
lhay adopted iron wheels of lai’ge dimensions, provided along the 
ciicumference wilh movable grippers, but the result was that the 
mads were quickly spoiled To solve the same pioblein Thomson ot 
Edinburgh covered the fellies of the driving-wheels of his engine wuth 
vulcanized India-iiihber binds .1 inches thick and 1 toot bio id 
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These bands ^ perfectly support the w^eight of the engine, and loll 
on ordinary roads without breaking the stones that lie on the surface 
Owing to the elasticity of the india-rubber, the contact between the 
felly and the ground is not confined to a line, but takes place on a 
surface over which the pressure is distributeo. The wheels therefore 
do not bury themselves in the ground, and even if it is made to pass 
over newly^made roads, it will traverse the freshly broken stones 
without the band being cut or spoiled. The force necessary to drive 
a locomotive of this sort is therefore much less than that necessary 

* See an article by M. Sauv4e in the Industrial Annals, an excellent review, from 
which we borrow the drawing of Thomson s locomotive. 
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for an engine with Smooth iron bands, for in the latter case the wheel 
crushes the ballast and causes a considerable loss of force, 

A locomotive of this kind might be driven in a prairie without 
leaving any great marks of its passage. On a horizontal road, it can 
draw 30 tons with a velocity bearing from 2 J to G miles an hour. Its 
effective force is from 16 to 18 horse power. Many are employed in 
different parts of England to cairy coal from the pit to neighbouring 
factories, and in Edinburgh. Thomson has applied his locomotive to 
the traction of omnibuses. Lastly, attempts have been made in India 
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with these engines, in the postal service, for carrying its bags, in the 
province of Punjaub between the towns of Loodiana, Ferozepore, and 
Lahore. 

The design we give here of Thomson’s road-engine will suffice to 
render the general arrangement of the parts comprehensible. We see 
that the steam-engine has a horizontal cylinder, o, communicating the 
motion by a connecting-rod to a doubly-bent driving-shaft provided 
with a pinion, working in a cog-wheel, fixed on the driving-wheel. On 
account of this arrangement the velocity given to the axle K of the 
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driving-wheels of the carriage, depends, with the same velocity of the 
piston, on the number of teeth in the wheel and the pinion. But 
the driving-shaft has another pinion, which works in a second wheel, 
itself fixed on anoflier driving-shaft parallel to the first, and this last, 
by a third pinion, communicates its motion to the first cog-wheel. 
It is of course understood tliat these two systems work independently. 
The conductor passes at pleasure from one to the other, by the aid 
of adapting levers within reach. He can thus vary the velocity of the 
driving-wheels, for the same work of the steam, in a ratio which 
varies from the simple to the double (more exactly from sixteen to 
thirty nine).^ 

Of late years in England efforts have tended in the direction of 
effecting rapid transit on tramways by means of compressed air, and 
of giving up high speed on ordinary roads altogether. The use of 
the traction-engine for heavy loads is, however, increasing ; that 
chiefly used, designed by Aveling and Porter, is shown in the annexed 
woodcut. 

It would appear that the action of the traction-engine on the 
roads on which it has travelled has given rise to a new employ- 
ment of steam, for in the steam-roller we have a locomotive the 
object of which is to make smooth roads rather than use them. In 
principle it will be seen the steam-roller is a locomotive with a 
great development of weight and width of wheel. 

The engine is carried upon four rollers of equal wddths, the two 
hind ones acting as drivers, and the two in front as steering-rollers. 
These latter cover the space between the two driving-rollers, and are 
made slightly conical in order that on the ground line they may run 
close together while leaving room above their axle for the vertical 

^ The mechanical problem of steam locomotion on ordinary roads may perhaps, 
as we have seen, be considered solved. Can we say from this that the employment 
of road locomotion will become general ? It is difficult to answer this question, for 
besides the technical aspect of it, there is the industrial and commercial. This 
means of transport would have to be really economical ; and this evidently depends 
on a variety of circumstances in no sense connected with mechanics. In great 
cities, such as London and Pairis, where the requirements of locomotion are so 
continuous and pressing, road-engines may perhaps be usefully employed, if means 
could be devised to render it prudent, and to guard against the dangers that would 
arise every instant in meeting carriages and foot passengers. It is probable that 
this mode of locomotion will be tried, and’ perhaps definitely adopted, on boine of 
the tramways. 
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shaft which connects tliem to the engine, and w^hich serves to support 
the forward part of the boiler ; at the same time play is given to the 



vertical shaft for the rollers to accommodate themselves to the curved 
surface of the road. The machine can be turned round in little more 
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than its own length, thus enabling it to roll sleep hills without injury 
to the fire-box, while retaining the manitold piactical advantages of 



the horizontal over the vertical boiler for locomotive purposes; 
amongst which may be enumerated absence of priming, economy in 

1 I 2 
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fuel, wear and tear, and much lower centre of gravity. These 
rollers are adai)ted for driving stoiiebreakers or other fixed machinery 
most economically, when not lequired for rolling; and for use as 
traction engines. 


§ VI. — Portable ENfoiNES. 

There remains to he examined a fourth type of steam-engines, 
recently introduced, the use of which is continually increasing, and 
which has no further resemblance to the locomotive than the name 
and outside appearance. Locomobile is the term given by the Frencli 
to this class of engine. 

Ill reality, a locomobile is a fixed engine, but it is movable from 
place to place. Eelatively lighter and less cumbersome, it is placed 
like the locomotive on a framework and mounted on wheels. The 
boiler, the machinery, the fly-wheel, are all arranged in such a way as 
to requiie no more to set it working than supplying it with fuel and 
lighting it. "WTien the engine has done its work at one place, it is 
taken to another, where its power is required, which is thus made use 
of in two places removed from each other. The wheels of the locomo- 
bile are not as in the locomotive the driving-wheels. They are 
absolutely independent of the machinery, and have but one object : 
that of allowing the engine to be drawn from place to place and 
across fields. By putting in two horses this is the easiest thing in 
ihe world. 

This IS a power now universally employed. In agriculture, and 
in industrial works, these locomobiles serve for many purposes, and 
replace with advantage the labour of horses or men. 

In the construction of masonry of sufficient importance, locomo- 
biles are employed to hoist the materials ; they move the hoists, they 
turn the crushing-mills for making mortar, and are substituted for the 
w'orkraen who raise the monkeys for pile-driving, or who work the 
cranes. Steam-cranes with movable engines may be frequently seen 
at commercial or military ports. 

Locomobiles are employed for working the pumps fixed tem- 
porarily for draining eailhworks. One of them might be seen 
at work in front of the Louvre during the siege of Paris; it 
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worked a pump, which poured the water of the Seine into the 
reservoirs established along the quays 



In agriculture the introduction of steam-power has efiected a 
revolution ; threshing-machines, cliaff-cutters, crushers, pressers, and 


!• S2b — \\eliiig and Porter s steaMi idoughing engine 
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root-cutters ai*e now frequently driven by steam. herever we have 
to do with laige production it should be, and it is advantaj^ieous to 
substitute for the moving force of oxen or horses the moving force 
par excellence — steam. 

But in no case has the introduction of steam-power been more 
revolutionary than in the case of ploughing. Of the many systems 
of ploughing by steam, two only have proved thoroughly successful ; 
in both of tliese the tmction power is transmitted to the plough 
through a steel wire rope winding upon a drum. In the one plan the 
two winding-drums are fixed in a windlass frame, and connected to a 
stationai^" steam-engine, wliicli can be worked from one coi*ner of a 
field ; one end of each ro])e being made fast to the plough, the imple- 
ment is drawn backwards and forwards by the drum pulling alter- 
nately, and the j)ulley sheaves and anchors at each end of the fuiTow 
move forward as the implement proceeds. In the other system each of 



Flo {.7 — DiiiMt of btiam |ihiu^hiri|; 


the wundiiig-drums is placed under the boiler of a self-moving steam- 
engine (see Fig and one engine at each end of the funow 

alternately pulls the plough tow’anis it, the other moving forward 
into position ready for the return of the plough. These two systems 
are known as the single engine or roundabout, and the double engine 
or direct method of steam Cultivation. For large fanns the double 
engine or direct system is the best. Land can be ploughed by it at 
one-half the cost of horse-poww. Figs, 326 and 327 show the 
ariaiigements of the drum and the action of the two engines when 
used on the direct system. 

Portable engines have received very varied forms, according to 
their destination and the ideas of their constructors. 

The boiler is, as in the locomotive, a tubular boiler, composed of a 
grate A situated behind, and a cylindrical body BB, which incloses 
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the tubes. The power of these engines is small, they are made of 
one or two up to eight horse-power. There is not tlierefore any 
necessity for so Jarge a heating surface as in the locomotive, so the 
tubes are larger and fewer in number. 

The engine works at liigh pressure and without condensation, the 
steam being allowed to escape in the chimney so to produce a draught. 
The draught ought never to be so great as to draw from the grate 
any lighted cinders, especially as these engines are employed in the 
neighbourhood of inflammable substances when engaged in agricul- 
ture, otherwise there would be a danger of fire. 

Pol table engines are not at all etonomical; they consume eleven 
to thirteen pounds of coal per hour for each horse-pow er. We have 
already said they are light, in fact the weight of an engine of four or 
five horse-power is not more than two tons. 


§ VII. — Various ArrLlCATlo^s of Sieam. 

We have just seen what the steam-engine is; on what physical 
and mechanical prineijdes its construction rests ; and what are the 
various forms it has taken so as to be accommodated to the different 
services requiied of it in manufacturing industries, in transport by 
land and sea, in public works and in agriculture : it lemains lor us to 
say a word on the applications themselves to wliich steam is ])Ut 
and the immense part it plays in modern society. 

The earliest steam-engines were employed as w'e have seen, to 
drain W'ater from mines ; they were the motors of powerful pumps, 
and they still serve for the same purpose. In large towuis steam- 
engines are used to pump the w^ater required for public and private 
use from the rivers and streams. 

In England and Holland, steam-engines are employed to w^oik the 
pumps that drain marshes and lakes, such as the lake of Haarleiii, 
Zuid Plas ; and the draining of the w’hole of the Zuyder Zee iu the 
same manner is now spoken of. 

The portable engine is every wdiere employed now" in public works ; 
it raises the monkeys of the pile-drivem for building foundations on 
piles ; the hoists in buildings, railway and seajiort cranes. Steam 
moves the tow-boats or tugs of rivers and canals, ferry-boats and fire- 
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engines. Among the interesting applications of this mechanical power 
we must mention the thousand operations employed in making the 
engines themselves, esi)ecially the foiging of large metal pieces. The 
instrument which serves this purpose is the steam-hammer on which 
we may give a few details. 

The steam-hammer is, so to speak, a peculiar kind of steam- 
engine in which the force is dii’ectly emplo} ed to produce the motion 
of the instrument. Among the largest steam-hammers in existence 
those at Woolwich and in Krupp’s famous works in Germany may l)e 
mentioned. 

The steam-hammer which has contributed so much to develop the 
manufartui'e of iron, that cliief material of modern machinery and 
industry, was invented by Mr. Nasmyth.^ These gigantic hammei*s, 
which are emjJoyed in all the factories where iron or steel are forged 
in great masses, do not receive their motion from a steam-engine, 
but the steam directly raises or lowers them between two enormous 
uprights of cast-iron which serve as guides to their motion. 

Fig. 328 shows how the hammer works. Imagine an iron monkey 
whose weight is fifteen tons moving itself between two uprights or 
slide-bars, suspended to the strong piston-rod of the cylinder into 
which the steam can penetrate at pleasure. This steam arrives by 
the pipe V, and thence by the port opened at the base of the pump 
lieneath the piston, wliich is then driven upwards by the elastic force 
of the fluid. means of a lever L, a rod T is acted on which 
h Avers a lateral slide-valve, and the steam escapes into the air by a 
chimney UE. The steam acts here by a single expansion, but steam- 
hammers are constructed in which it serves both to raise the enor- 
mous weight, and to precipitate it downwards. M. Turgan, in his 
w^ork, Les Grands U sines, refers to an enormous steam-hammer con- 
structed at Kirkstall near Leeds, for the Victoria Eailway Company 
in Australia. ITiis hammer is either single-acting or double-act- 
ing, thus the steam acts in both directions, that is to say, it can 
alternately raise the hammer, and enter above it to quicken its descent, 
and to augment in consequence the action of its weight. This 
arrangement, which gives the power of multiplying the number of 
blows in a given time, is 8)>ecially advantageous in forging pieces of 


^ In the French edition the inyention ii ascribed to M. Bourdon, of Creusot. 
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very large size. The work may be done by its help, in one heating 
which effects a saving of time, fuel, and metal. 

The effect of this powerful engine is equal to that produced by a 
weight of sixteen tons, striking forty strokes a minute. The alternate 
double and single action can be obtained instantaneously. By means 
of a slide-valve suitably placed, the fall and the force of the blow can 
be equally changed in an instant. We know that for hammers which 
act by their gravity, the mechanical work produced is represented by 
the weight of the mass multiplied by the height of the fall. The 



Fn. 328 —Steam hlock-miniuei section ol the cilindci. 


weight of the whole apparatus including the mass of the hammer, the 
anvil, the block, and the steam-engine, &c., is about 100 tons. The 
head of the Woolwich hammer weighs thirty tons, and when forced 
down by the whole power of the steam, it comes down upon the hot 
iron with an energy of more than 1000 foot-tons, the solid ground 
trembling for a great distance around in spite of i)iles, stone aiul 
concrete foundations more than fifty feet deep. 

In great worksho^w, manufactories of engines, forges, and saw- 
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mills, fixed engines are always employed, and sometimes movable 
ones in addition : these give and distribute motion to all the woiks by 
means of cogs or straps. Planing, drilling, mortising, boring, screw- 
making, polishing metal surfaces are all done by the force of steam, 
and it is difficult to know which to admire most in these great opera- 
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tions — the power of the engine, or the docility with which it adapts 
itself to any kind of work. 

Is it not something marvellous to see the machine work steel and 
iron with as great ease as a workman handles wood, he he carpenter 
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or wheelwright ; to see these shears cut off pieces of rotigh iron, and 
divide thick sheets of metal, like a tailor’s scissors working on the 
softest material? Formerly iron was filed with difficulty, but now 
it is planed like wood, and is cut up and pierced like cardboard. 
Some Indret machines are so firmly fixed that they can take oH' a 
shaving of 40 mm. over a length of 11 metros; the holder that 
carries the pluning-iron alone weighing fourteen tons. Among the most 
curious of the Indret machines, we ought to mention a Mazelirie lathe 
for circularly planing bent shafts. Its planing iron is carried by a 
disc turning in a frame; the piece to be trimmed crosses this disc and 
advances against the hold(*r, so as to present to the tool the successive 
}K)ints wliich have to be thinned off. We must likewise notice M. 
(’alias mandrel lathe, the bed of which is five metres in diameter, 
and the bcnclies for boring and drilling cast and wrought-iron and 
brass in every known way ^ 

If we wished to enumerate and describe, even summarily, all the 
uses of the steam-engine in modern industry, we should not i*e(piire 
a chapter only, but a book, and a large bf>f>k too. It is used in blast 
furnaces, where horizontal engines work as bellows for keeping up the 
fires ; at the diamond cutter’s, where steam gives to the giinders the 
prodigious velocity of 2500 turns a minute ; in brass foundries, where 
it works the pumps that transfer the molten metal ; in })aper manu- 
factories, where it works the machines for washing and whitening the 
paper ; in the manufacture of tiles, of bedding, and pianos ; at the w ood- 
cutter’s, and workers of arabesques of all shapes ; at the jew eller’s, at 
the mint where the Uhlborn presses, improved by Thonnelier and moved 
by steam, strike off 2400 coins in an hour ; in tobacco and chocolate 
factories, and indeed in a hundred other industrial operations wdiere a 
powerful, regular, rapid, and continuous motive })ow'cr is used. But 
it is in the large manufactories that steam plays so immense a part — 
in cloth and cotton factories supplying clothes for the wliole human 
race, and in typographic and lithographic printing w^hicli gives us 
intellectual food in the most assimilable form, — the book and the 
drawing. 

A few words as to the application of steam to printing. It w as in 
November, 1814, that by means of a press invented by F. Konig, the 
first sheets printed by steam w^ere struck off. The Times newspaper 
^ Turgan, Le» Grandes dt France, 
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had tlu5 honour and profit of this first attempt which produced 1,000 
copies an hour. 

The most perfect printing machine which exists now is called 



the Walter Press, which has been invented and elaborated in the 
office of the Timn. The fastest printing machine hitherto in use 
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— the Hoe ten-feeder — requires some ei^^hteen people to feed it 
with paper and attend to it while at work, and even then can only 
produce some 7,000 or 8,000 copies an hour of perfect newspapers, 
because it only prints one side at a time. But the Walter Press, 
attended by a man and two boys, none of whom are severely worked, 
runs off with ease complete newspapers at the rate of 12,500 an 
hour.^ 

The foundation of printing by steam lies in the power of multi- 
plying metal counterparts of the type “formes” by stereotyping. 
Type itself could never be made to fit on to a Walter machine with 
the requisite facility ; but if a solid cast of the type can be obtained of 
the proper sliape and cleanness, that difficulty is at an end — the first 
important step is gained. It is a twofold difficulty. In the first 
place, the page of type from which the impression is taken on a 
Walter Press must be bent in a semi -circular form and made to fit 
on to a large roller. In the second place, without a means of 
multiplying the metal type formes from which the paper is printed, 
even a speed of 12.000 or 13,000 copies an hour would in these days 
stand a newspaper in small stead. It would take the best part cf a 
night to tliroAV off an impression, and the Times does not go to press 
with its inner sheet till some time past four o’clock in the morning. 
Stereotyping is, therefore, absolutely essential, and the process as 
practised for the Walter Press is beautifully simple. The subject 
matter is, of course, first set up by hand, and columns are made into 
pages, and placed in a strong metal frame upon a metal table perfectly 
flat, and tightened up so as to form an immovable mass. When 
that is satisfactorily accomplished it is conveyed to the stereotyping 
room, where some layers of damp paper are laid upon it, and it is 
then driven twice through a machine having powerful rollers, which 
squeeze the paper down on the face of the type. It is next placed 
— with its damp paper still on it — below a heavy screw-press, the 
solo or lower plate of which is a steam-heated metal chamber. This 
dries the paper rapidly, and at the same time the pressure put upon 
it prevents any inequality. In a short time the frame or page of 
type is drawn out from below this press and the dried paper peeled 
oil' its suidace, when it forms a perfect matrix or counterpart of the 

^ For this account of the Walter Prebb the Editor is indebted to an article in 
Mactnillan*8 Magaxint. 
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type sufficiently deep to enable a casting to be taken from it whicb 
shall yield a psge of clear-cut lettering, i>*ady for printing from. 
Before the casting is taken, however, this ])ai)er matrix is made 
absolutely dry by being placed on another hot plate. That only 
occupies a very brief space of time, and when it is satisfactorily 
finished the paper is trimmed carefully, and then placed face up- 
ward inside a seTni-cii*cular mould, when its edges are fastened dpwn 
by bands of iron of the thickness that the cast is meant to be. 
On these bands a counterpart of that mould is then let down from a 
small crane, and fastened so that a semi-circular chamber is formed 
the size of the ])age of the new^spaper, and about three-eighths of an 
inch deep all round. Into this a pot of molten stereotyping metal 
is poured, the mould having first been turned on end so as to compel 
the metal to fill the cavity completely, and, after resting for a 
moment or two till the metal has set, the inner part of the mould 
is removed by the crane, the paper matrix is peeled off, scarcely 
hrow’ned, and capable of being used again and again, and the solid 
cast is swung round and deposited, still adhering to the mould, 
in another cavity exactly the shape of that from which it w^as 
taken. Here its edges are tiimmed, and the lump of metal w hich 
formed the excess at the top of the casting sawn off by a small 
revolving saw driven by steam. That done, the cast may be said lo 
be complete. The page of lettering now presents the appearance of 
a strong, solid half-cylinder of white metal, ribbed on the inside so 
as to facilitate the paring off of possible inecpialities, and covered on 
its outer face with crisp, clean, shining letters, ready at once for the 
press ; and the whole of the w^ork of stereotyping is done. Now the 
w ork of steam begins. 

The first thing to understand regaiding new^spaper steam printing 
is, that it does not print sheet by sheet, as all machines hitherto 
have done, but that it prints from a continuous roll of paper, 
from which it cuts off the newspapers sheet by sheet as it passes 
them out at the other end, perfectly printed. This web of paper 
is, therefore, the first thing that catches the eye on entering the 
machine-room, and is itself the result of no little effort to adapt 
means to ends. A web making some 5,600 sheets of the Times, 
all wound on one reel, is placed behind each machine, and when 
printing commences, the paper runs continuously through the press. 




PLATE Xyil —STEAM APPLIED TO PRINTING 
Steam printing press iiiaebinery for book printing 
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passing first over some wet rollers, which damp it, water continually 
oozing out through folds of cloth from a supply contained inside the 
rollers, and which rapidity of revolution forces outward. From thes j 
rollers it goes upward to where the stereotype plates forming the 
four pages of one side of a sheet of the paper are fastened on a 
cylinder just large enough to take a sheet to go round it. Against 
that cylinder there is another, identical in size, possessing a soft 
surface, which presses lightly against the edge of the type, and 
between these the sheet passes, taking up an impression as it goes. 
It is then carried downward round another large cylinder, covered 
with cloth, the “set off” on which is taken off by another cylinder in 
contact with it, and that again by a rubber, in a fashion that is both 
simple and effective. The web of pai)er, still running on, passes, 
between the second type-covered roller and its counterpart taking the 
impression on its other side of the remaining four pages ; and, that 
done, it runs out between two more rollers of the same circumference. 
The machinery is so adjusted that the knife catches the paper exactly 
between each sheet, and, the paper being held bard on each side by 
the spring bar, cuts it in two, all but a couple of tags near each end, 
which are left for the purpose of pulling the sheet on between two 
sets of running tapes, until it is caught by a pair of small rollers, 
which are driven at a greater speed than the rest of the machine. 
These immediately tear the sheets apart where they have been all 
but cut, and the tapes huriy on what is now a comjdetely printed 
newspaper up an inclined plane, at the top of w^hich they carry it 
down an oscillating frame which moves pendulum-wise so exactly that 
it delivers a paper precisely at each end of its short swing on to the 
face of another set of running tapes, which carry it downward on 
their outward face by the mere force of contact as they run. Between 
these tapes a frame, like a huge comb, swings backward and forward, 
catching up one delivered paper at every motion and flinging it down 
on a board, behind which a boy sits to watch and adjust the sheets as 
they fall. The current of air raised by the motion of this frame 
suffices to hold each succeeding sheet against the tapes along which 
it moves. Thus two boys and the man who attends the macliine 
are all the manual labour required, and the manner of delivering 
the papers alternately on to two inclined boards ready to receive 
them gives the boys plenty of time to see that they fall properly, 

K K 
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to adjust those that may be slightly crumpled, and to inspect the 
work. 

We have ventured to reprint these details regarding one modern 
special use of steam, as it is the one by which civilization and a 
knowledge of science is being most rapidly advanced. 

For some years past steam and machine presses have been 
employed in lithography, though previously they had been only 
used in typography. The results obtained are remarkable ; and the 
rapidity of printing has introduced an important economy into an 
industr}^ which the rivalry of typographical productions was seriously 
luenacuig 


55 VIII. — Statistics of Stkam-fnctINes. 

We will conclude this rapid review of the imuimerable applications 
of steam by giving some statistical facts of a general nature calculated 
to prove the truth of the following assertion, that steam is tlie 
origin of the most fertile revolution that has hitherto transformed the 
producing processes of mankind ; and to justify the name of tho age 
of steam sometimes given to our times. 

In England, according to Fairbaim, the total amount of horse- 
power employed reaches the enormous numlier of 3,650,000 — a force 
equivalent to the labour of 76,000,000 workmen, that is, more than 
twenty times as great as the total number of hands employed in 
British industries. In 1874 the export of articles manufactured by 
steam brought 138 millions. 

In 1865, there were in Fmnce 19,724 steam-engines having together 
242,209 horse-power. In this number locomotives are not included, 
and they numl^r more than 4,000. This is for France an increase 
of productive power equivalent to a working population of more than 
5,000,000 men ; a result certainly exceeded at the present time. In 
Paris alone at the same time there were 1,189 engines moved 
by steam, with a total of 9,782 horse-power ; or if we include the 
suburbs (in the department of the Seine only), there were 2,480 
engines with a total hOrse-power of 19,150. To reckon the locomo- 
tion on railways of passengers and merchandize would greatly 
increase the services, which, according to the above figures, steam 
renders to that country. 
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Figures are not forthcoming about the manufacturing industries r f 
other countries of Europe or of America. But we may gain an idea 
of what they probably are by considering the immense development 
that has taken place in the network of railways over the entire 
globe, a network traversed night and day by steam, which is also 
continually increasing its hold on tlie navigation of seas and rivers 
and lakes. 

Up to 1875-70 the length of all the railways of the world reached 
a total of 170,141 miles, or nearly seven times the entiie cirenm- 
ference of our planet. Tliey are distributed as follows : — 


Eiirojie 

83.804 

America 

82, 

Asia 

(■.,822 

Africa . 

. 1,07.'. 

Australasia 

3,40S 


Locomotiveo now even pour forth theii clouds of steam in India, 
Australia, and Japan, and steamboats are ploughing every sea. Tlie 
navy has, in fact, followed the example of the manufacturing 
industries and the land tiansport, and though on a smaller scale, }et 
in an always increasing proportion. 

In Europe, of 100,000 ships, fonning nearly the total number of 
the mercantile marine, 4,500 ships employ steam, the tonnage of the 
latter greatly exceeding the tonnage of the sailing vessels. Tlie 
number of sailing vessels employed in the home trade in Great Britain 
and Ireland was reduced from 11,000 in 1801 to 10,800 in 1874, 
while in the same time the number of steam vessels siiuilaily em- 
ployed had increased from 448 to 1,1-8, and in the foreign trade 
from 477 to 1,507. The number of new ships built in the same 
year was — 

Sailing Slnp«. SUmiu Ships. 

1801 . . 771 . 201 
1874 . . . 400 . . . . 482 

All tliese facts indicate the rapid conversion of a sailing into a 
steam marine. The total tonnage of all vessels rose from 20 million 
tons in 1861 to 45 million tons in 1874. 


K K 2 
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The total number of sea-going steamers in the British navy was, 
in 1874, 109, of which 16 were ironclad line-of-battle ships or 
frigates. 

In France while the mean tonnage of sailing vessels is 60 tons, it 
reaches 280 as an average for steamships. The total number of 
French vessels in 187*1 reached 14,750; of these, 4C2 were steam 
vessels, of 141,000 tons in all, an I 57,000 horse-power. 

§ IX.— Explosion of Steam-boilers. 

We have recounted the benefits for which civilization is indebted 
to the invention of the steam-engine, and the progressively increasing 
introduction of this powerful force into every kind of industry. We 
must now make mention of the mischiefs it has occasioned, the 
lamentable accounts of which we read from time to time in the papers, 
Eveiy medal has its reverse. All explosions of steam-engines have 
in reality but one simple cause: for one reason or another the 
pressure of the steam produced in the boiler exceeds the limit of 
resistance of the sides, the metal is torn asunder, bursting under the 
irresistiUe force of the gas, and casting al)out its fragments, covers 
the neighbourhood with the ruins and its victims. To the mechanical 
effects of this terrible outburst are added those which a volume of 
steam at a higli temperature cannot fail to produce. The stoker, the 
assistiints, the drivers, everyone in fact whom the metallic d^bjHs 
or the scalding steam encounters are horribly wounded, burnt, or 
scalded. 

What are the causes of the explosion ? Only that we have just 
mentioned. 

An abnormal increase of pressure may arise from the following 
causes : 

1. Depression of the water level, the consequence of which 
is an elevation of temperature at the metallic surfaces subjected 
to the action of the incandescent gases of the fire, without their 
being cooled by the, water of the boiler within. These surfaces 
become red hot, their resistance decreases, and they are deformed 
and tom; the danger is greater still, if then by the filling of the 
boiler, water is brought suddenly into contact with them, and trans- 
formed thus into steam under abnormal conditions. The excessive 
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production of steam which thus takes place is sufficient to cause 
an explosion. 

2. The same accident may happen from the presence of incrusta- 
tions left hy the water upon the sides. This chemically-deposited 
crust prevents the contact of the water wdth the metal, whicdi grows 
i‘ed hot, and then, if the crust happens to be detached, the meeting 
of the water with the red-hot surface causes a sudden and considerable 
production of steam, and the explosion of the boiler may be the 
consequence. 

?}. Water deprived of air and in a state of rest may be heated 
without boiling to a tem])erature far above 100° C , but the least disturb- 
ance determines a sudden ebullition, and a dangerous, because exces- 
sive, production of steam, as w^e have already seen in recording Donny’s 
experiment. 

The above are causes of accident independent of the good state of 
repair of the engine, or at least of its solidity of construction, inde- 
pendent also of the due cire and supervision of the stoker, the first 
cause excepted, which is, however, one of the most frequent. The pre- 
ventive measures for the latter are — attentive watching of the water 
level, and, if it is low, taking care not to replenish without precau- 
tion and letting down the fire ; the choice of soft water, or if this is 
impossible, the frequent cleaning of the inner surfaces is to be 
recommended to stokers and managers. 

4. The steam may reach a pressure above the limits of resistance 
if the safety valves are insufficient, work badly, or, wdiat is w^orse still, 
although unhappily too frequently the case, if they are stopped and 
prevented from w^orkingat all. These apparatus ought therefoiv to be 
constantly looked to. A mechanic wdio fastens down his safety valves, 
says the celebrated engineer Mr. Fairbairn, w’ilh the energy of con- 
viction, is comparable to the madman wdio throws himself into a 
powder magazine with a lighted torch in his hand. Ignorance alone 
explains so deplorable a practice, and it is the strict duty of managers 
and engineers to stop it by employing only competent men, and 
instructing those that are ignorant. 

6. One more cause of explosion is the bad construction of the 
boiler, or, which comes to the same thing, the bad state of repair of its 
different parts, owing to its age or long use. We have seen in describ- 
ing the different types of boilers which are those that have the least 
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danger of explosion, but the choice of boilers not being guided by this 
sole consideration, accidents are to a certain extent inevitable. It is 
in factories, \\here lixed engines are employed, and on board steamers, 
where tlie engines are exposed to more numerous causes of destruction, 
that explosions are most frequent and terrible ; they are much more 
rare on locomotives, which are doubtless subject to more careful super- 
\ ision. They are also less dangerous in this case, because they are 
often limited to the bursting of a tube, an accident which the attendant 
t an immediately remedy by plugging it up. 
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CIIArTEI} X. 

COMBINED ENGINES, IIOT-AIK, AND (JAS- ENGINES. 

§ I. — Combined Engines. 

The principles of the mechanical theory of heat show that the value 
of a heat-enf];ine, its effective power, or, which is the same thing, its 
economical coefficient^ depends, otlier things being the same, on the 
dijBTcrence of the extreme temperatures between which it works. It 
is of little consequence from this point of view, whether one liquid or 
another is employed to obtain the vapour whose elastic force is mailc 
use of as prime mover. The quantity of heat expended 1 eing the .‘‘ame, 
since it is this heat that is converted into uoik, the woik done by tbe 
engine remains the same. 

It may therefore he advantageous to employ a liquid which 
vaporizes at a temperature below that at vhich water boils : sulphuric 
ether, for example, boils at 37'". The steam, which at its departure 
from the cylinder passes on to be liquefied in the condenser, loaves 
there a quantity of heat sullicient to vaporize ether. The vapourjrom 
this latter liquid may then serve to diive a second engine annexed to 
the first, and whose condenser may thus be ke])t at a lower temperature 
than that of the steam condenser. This combination tends to increase 
the difference of the extreme temperatures between which the elastic 
fluid works, from its entry into the cylinder to its exit to the atmo- 
sphere or its condensations. The quantity of beat coindtcd into 
mechanical work will thus be increased in the same j)roportion. 

Such is the principle on which several combined engines aie made, 
on which we will say a few words. 

A French engineer, M. du Trembley, invented and had constructed 
in 1840 a combined engine for steam and ether vapour which was 



604 


THE APPLICATIONS OF PHYSICAL FORCES, [book it. 


fixed in one of the packets of the regular service between Marseilles 
and Algiers. Its principal arrangements were as follows : — 

On leaving the cylinder, the steam enters a closed condenser 
traversed by a series of vertical tubes partly filled with ether. In 
condensing round these tubes, the steam gives up to them its heat of 
vaporization and raises their temperature sufficiently to boil the ether 
they inclose. The vapour of ether, collected in a reservoir above, is 
admitted from thence into a cylinder where it acts on a piston whose 
rod is attached to the shaft of the engine. The work of this piston is 
then added to the work of the other piston, which is moved by 
steam. 

On leaving the second cylinder the ether vapour passes into a 
special condenser, also formed of a system of tubes, but these latter 
are surrounded by a mass of cold water constantly renewed. This 
vapour thus returns to the liquid state under the intiueuce of the 
cooling in these tubes, and the ether thence resulting is brought back 
by a pump moved by the beam into a reservoir situated at the lower 
part of the tubes of the first condenser. The water of condensation, 
heated by the excess of licat in the steam, is also itself returned into 
the boiler. 

The great inflammability of the ether, which, in spite of the 
greatest precautions, it was impossible to prevent escaping between 
the joints, rendered these engines dangerous, on account of possible 
explosions or conflagrations. Nevertheless they were for a long time 
tried on the steamboats, Du TremUey and Le GaliUe, as well as 
in the glass works of the Guillotiire, at Lyons, where an engine of 
this kind used to work. 

A French naval officer, M. I.Afont» substituted chlorofonu for the 
ether ; but although the vapour of this substance is not at all inflam- 
mable, it is asphyxiating, and moreover it was proved by experience 
that the fittings of the pistons were quickly spoiled by its action. 
The attempts of which we are speaking were made in Le Oalilie 
engine. Steam has also been employed in combination with the 
vapour of sulphur, or of perchloride of carbon. 

Another very interesting engine, which was to be seen at work in 
the Paris Exhibition of 1867, is the ammonia engine invented by M. 
Frot, a marine engineer. 

For the water in the boiler M. Frot substitutes a solution of 
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ammonia. It is known at the ordinary temperature of 15® water 
dissolves 750 times its volume of ammoniacal gas, and that when it 
is heated to 100® the gas dissolved entirely evaporates, and there is 
no trace of it left in the water of solution. It is on this double pro- 
perty that M. Frot has relied in the construction of his engine ; 
experiments made by him on the tension of the gas at different 
temperatures having proved that while at 100® C. it is 7i atmospheres, 
at 120° C. it reaches 10 atmospheres. But in order to make the 
employment of the elastic force of ammoniacal vapours economical 
and practical two ]>robleTns had to be solved; first to condense 
the vapour when it leaves the cylinder so as to obtain a sufficient 
difference of jTOSSure; and secondly to re-form the ammoniacal 
solution, so as to use the same liquid as long as possible. 

Tliis M. Frot has accomplished without essentially modifying the 
arrangement of ordinary steam-engines. On leaving the cylinder, the 
gases, after having exercised their force on the driving piston (at which 
time they are composed of 1 part of steam to 5 parts of ammoniacal 
gas), are led into a mrface condenser formed of a triple series of tubes 
round which a current of cold water is in constant circulation. In 
order to render the condensation quicker, the nozzle of a pump throws 
into the chamber which separates the two first ranges of tubes a non- 
saturated solution of ammonia at a low temperature, which is itself 
derived from the boiler. From tlie condenser the cooled and 
partly dissolved gases are brought to a reservoir called the tiibnlar 
diMolvcr. There they become dissolved by contact with a non- 
saturated solution of ammonia, and are brought thence by a feed- 
ing pump into the boiler. During this last passage, the regenemted 
solution goes across some twisted tubes plunged into the liquid, which, 
as we have seen, serves for the injection. It here takes the heat that 
the latter possesses, an arrangement doubly useful, since the feeding 
solution enters warmer into the boiler, and the injected solution 
reaches the condenser cooler. 

Since ammoniacal vapours attack copper, all the brass pieces of 
ordinary machines have to be replaced by wrought-iron. The experi- 
ments that have been made prove that the ammonia engine has 
several advantages over ordinary steam-engines ; besides the economy 
of fuel, which seems to be pretty considerable, and the rapidity with 
which pressure is got up, we must include the almost total absence of 
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incrastations of the boilers after the liquid has been a long time at 
work ; and that the ammonia preserves also the sides from oxidation. 
But the chief disadvantage is this, as for all combined steam-engines, 
the difficulty of preventing the escape of the gas ; and the danger 
arising from a mixture with the air of a substance whose action on 
the respiratory organs is so dangerous. 


§ 11.— Hot-Aiu Engines. 

In the engines we have just described, the motive power employed 
is that of the combination of steam with the vapour of a more 
volatile liquid, or with a gas that is forced by the heat to disengage 
itself from the solution. In them steam still therefore always plays 
an important part. An attempt has lieen made to substitute for it 
an entirely distinct elastic foi-ce, namely what M-e may obtain by 
heating a pennaneut gas such as air, or by setting fire to an explosive 
gaseous mixture, whence arise two new kinds of prime movers, liot- 
air engines and gas-engines. They are, however, still heat engines, for 
it is still from the heat employed that the mechanical work 
obtained. 

The first attempts at employing heated air as a motive force date, 
it appears, from Montgolfier. One of the inventors also of photography, 
J, Niepce, occupied himself with the same problem. But in 1816, 
Koliert Stirling constructed a hot-air engine, which, according to a 
competent authority on these subjects, is at the same time the simplest 
in theory and the most approved by experience. 

Later, a Swedish engineer, Ericson, planned and constructed a 
hot-air engine which w'orked on board an American ship in 1853. 
M. CoUignon defines the principle of this new prime mover in these 
terms : — 

“In his first engine Captain Ericson placed a regenerator formed 
of a great number of metallic plates, in the path of the heated air as 
it left the prime cylinder when the piston was making its retrograde 
movement. The cylinder was heated directly by the fire, and it 
transmitted the motion obtained in it to a feeding cylinder, which was 
a true pump taking the air from the atmosphere and. compressing it in 
a reservoir, whence the air reached the moving piston after traversing 
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the metallic sheets where it was heated at the expense of the heat 
given up by the hot air previously driven out.” 

Ericson subsequently modified his original form of steam-engine. 
He suppressed the metal sheets, and then the hot-air, after having 
worked upon the driving piston, is directly rejected from the engine. 
So that it is a single acting engine, and to start it tlie fly-wheel must 
first be moved by the hand. Laubereau’s engine, that we are about 
to describe, is in this last respect similar to Ericson's, and will enable 
us to understand its machinery. Tt is, too, as simple as possible. 

The driving machinery in Laubereau’s engine is composed of two 
metal cylinders, A, B, of unequal diameter, whose interiors communi- 
cate together by a tube t In the first, which is open at the top, a full 
sized piston, jp, moves, which fills 
the cylinder hermetically and pre- 
vents any communication between 
the inside of the cylinder and the 
outer air. This is the driving 
cylinder and piston of the engine. 

The large cylinder B is com- 
pletely closed at its upper and 
lower ends, both of which arc 
concave exteriorly. A thick pis- 
ton, P, formed of a badly conduct- 
ing substance, such as plaster, also 
moves in the cylinder but without ** iniUtib m Lnubti* m s 

touching its sides. A doubly con- 
cave form is given to it in order that it may fit either end of the 
cylinder. Tliis we may call the feeding cylinder, because it is the 
air that is contained in it, that by being alternately heated and cooled, 
works on the driving piston, or, on the contrary, stops that action 
at each period of the movement. In order to obtain these successive 
effects, the source of heat (in this case a jet of gas) warms the exterior 
concave surface of the lower side of the cylinder, and consequently 
the air beneath the piston P. The pressure of this air then exceeds 
in the larger cylinder the atmospheric pressure, and hence thrusting 
the piston p from below gives it an ascending motion which is com- 
municated by the usual appliances to the shaft and lly-wlieel of the 
engine. The piston P then descends again, and fits on to the lower 
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surface in such a way as to cut off all communication from the 
source of heat to the air contained in the cylinder. This air, on the 
contrary, is in direct contact with the upper surface of the large 
cylinder, which has double walls, and round which a constant current 
of cold water is circulating. The chilled air condenses and its 
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elastic force diminishes. The atmospheric pressure becomes the 
stronger, and the driving piston descends again; while, on the 
contrary, the plaster piston rises and exposes the air to a second 
heating. 

This series of effects is reproduced indefinitely, and gives the 
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machine its constant action ; a pump, worked by the driving-shaft 
constantly brings into the double wall of the large cylinder the cold 
water that is necessary for the cooling of the air that has done its 
work, and takes it away when heated by the heat which the air parts 
with to the sides of the cylinder. 

The hot-air engines, &c., as well as all gas-heat engines, as distinct 
from steam-engines properly so-called, are useful for small operations, 
wdiich recjuire but comparatively slight power, which can be often 
interrupted. The ease with which they are set going makes them 
economical in this respect ; but they would not be so for providing a 
continuously acting force of large amount, as in great manufactories. 

Hot air has certainly one advantage over steam — namely, that be- 
tween wide limits of temperature the pressures are much smaller, so 
that the quantity of heat consumed, and consequently work done, 
may be very great without there being any fear of the covering of 
the cylinders being deficient in resisting power ; but also, 
practically, if a large motive force is retpiired, the surface of the 
pistons must be greatly enlarged. On the other hand, at high tem- 
perature, the hot air burns the fittings of the pistons, and oxidizes 
and spoils the metallic surfaces with which it comes into contact. 
Steam has none of these disadvantages. 


§ 111. — Gas-engines. 

We now’^ come to some other prime movers which are beginning 
to be employed pretty frequently in small operations — we refer to 
gas-engines. 

It is still the expansion of air that supplies the motive force to these 
machines ; but instead of being expanded by the action of a source 
of heat maintained beneath the chamber containing it, it is by the 
effect of the disengagement of heat produced by the explosion of 
an explosive mixture. This mixture is formed of air and illuminating 
gas in suitable proportions. 

The different methods of producing this explosion have given 
rise to various arrangements of the gas-engines. In Lenoir s engine, 
the explosive mixture formed of twenty parts of air to ten parts of gas 
is kindled by the successive sparks of an induction coiL In Hugon s 
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engine a movable gas-jet fires the mixture; in Otto and Langen’s 
engine the gases are also kindleil by a lighted jet, hut in this case a 
fixed one. We will rapidly examine the essential arrangements of 
each of these prime movers. 

Lenoir’s engine only differs, as far as external aspect is concerned, 
from a steam-engine in the absence of a boiler and the particular 
arrangement of the distributing machinerj'. 

The driving cylinder is a pump body of large diameter, resting 



horizontally on tlie framework of the engine ; and its rod gives the 
motion, by means of connecting rod and crank, to the shaft, on one 
side of which is fixed the driving-pulley, and on the other a fly-wheel. 
The cylinder is flanked on the side by two slide-valyes, moved by 
eccentrics ; one of them is for introducing the explosive mixture of 
air and hydrogen coming by the pistou (pipe) G on the two sides of 
the driving-piston alternately, and the other for letting the products 
of combustion escape. 

On the framework of the engine a BnhmkorfT’s coil is fixed, which 
is worked by a Bunsen battery. This furnishes the successive iqiarks 
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for kindling the gaseous mixture in each of the chambers of the 
cylinder. For this purpose the wires of tlie induction coil end 
respectively in i i on one of the metallic ends of the cylinder, which 
they penetrate by an insulating rod of porcelain ; the spark flies from 
the piston to this platinum wire. The explosive mixture which 
enters the chamber at the same instant, owing to the motion of the 
slide-valve, is successively kindled. The heat resulting from these 
successive explosions is communicated to the air, and by expanding it 
furnishes the motive force. At the same time the other slide-valve 
lets the gas produced by the combustion, and which is now in the 
other chamber, escape ; whence the alternating motion of the piston and 
the motion of the shaft and fly-wheel. Since the sides of the cylinder 
are heated at each explosion, and in order to avoid the high tempera- 
ture which would often be the consequence, they are surrounded 
by a case in which a current of cold water is continually circulating ; 
this current arrives by the tube E and leaves by the tube c. 

Hugou's engine chiefly differs, as we have said, from Lenoir's, by 
the method of exploding the gaseous mixture. Instead of induction 
sparks, a jet of gas is brought by the motion of the engine itself fii*st 
into contact with the mixture, and then away from it. 

In this respect Otto and Langen's gas-engine resembles Hugon’s ; 
but it differs from it as well as from Lenoir's in an essential point. 
This engine, as improved by Crossley, works by the vacuum resulting 
from the explosion of common coal gas and air; the piston is not, as is 
usual, connected with the shaft on both up and down stroke, but on 
the down stroke only. It is thus at liberty to fly up freely from the 
force of the explosion, which takes place at the bottom only, and by 
driving the piston before it empties the cylinder of air through its 
open upper end. The return of the air on the down stroke yields the 
driving power, and turns the shaft by means of a friction clutch, to 
which the piston is geared by the rack. The vacuum beneath the 
X)iston is equal to about eleven lbs. per square inch for the greater 
part of the down stroke. The governor does not act, as is usual, by 
increasing or decreasing the power of each stroke, but by varying the 
number of strokes, each being of the same power. This is done 
without materially changing the speed of the shaft. Three or four 
explosions per minute are generally sufficient to turn the engine itself, 
and as a maximum of thirty to thirty-five may be made there is a 
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balance of, say, from twenty-six to thirty-two strokes or explosions 
per minute left to be applied to useful work under the regulatioj^ of 
the governor. As this engine can be started and stopped at a 
moment’s notice, giving full power at once, and is free from the risks 
of a boiler explosion, it is peculiarly suited for use as a motor in a 
lal>oratory. The consumption of gas is seldom over 2.'?. 6rf. worth per 
per week for a one horse power engine. 

From a theoretical point of view, gas, and hot-air engines (they 
are both founded on the same principle), should — as we said at the 
commencement,— have this advantage over steam-engines, that the 
temperature of the gas may attain to a much higher value, without 
giving more than a comparatively feeble pressure. Since the 
mechanical work depends only on the difference between tlie extreme 
temperatures, it follows that a larger part of it may be used for work 
without fearing accidents from explosion. For the same amount of 
power the sides of the different parts may be thinner; but on the 
other hand, we have seen also that a too high temperature in the gas 
has a destructive effect on the fittings and metallic parts. The ad- 
vantages therefore are in great part counterbalanced by this serious 
drawback. 

But gas-engines have an" incontestable superiority ] over steam- 
engines so far as regards security ; they are almost entirely free from 
any possibility of explosion, or fear of fire. It is easy to put them 
in action and requires but little time : they may be set going or 
stopped by the simple opening of a tap. Having neither grate nor 
boiler, they are less cumbersome and require much less personal 
attention for working and overlooking. 

Economically speaking they are, on the contrary, inferior to steam- 
engines. It follows indeed from experiments made by M. Tresca on the 
Lenoir engine that the consumption of gas is 2,500 to 3,000 litres for 
each horse-power per hour, which is five or six times the expense in fuel 
of the steam-engine. It requires also a great expense in water for cool- 
ing the driving cylinder and piston. Otto and Langen*s gas-engine is 
much more heating than Lenoir’s, which has however the same fault 
to a certain degree, and the sudden motions of the piston must be a 
quickly acting cause of deterioration. All gas-engines have also this 
inconvenience, that they can only be used where gas is to be had ; 
and it is in gas houses that the disadvantages of steam-engines 
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are found. But if we consider the use of gas-engines for a limited 
application — that is, for small operations, where the motive force re- 
quired is not above a few horse-power, they will then be found 
superior even from a relatively economical point of view. They 
adapt themselves indeed to all the requirements of stopping and 
frequent recommencing of work, when the expense stops at the same 
moment ; while steam-engines, when once lighted and set going, con- 
sume fuel all the time they are doing no work. From this jioint of 
view hot-air and gas-engiiies have a real interest, and they will render 
great service if, in addition, as is not unlikely, they receive improve- 
ments comparable to those that have been made in the steam- 
engine 
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BOOK V. 

MAGNETISM AND ELECTRICITY. 

CHATTER I. 

THE rOMPARS. 

§ I. — The Decunation Compass. — Its Uses. 

L ong before the laws of magnetic phenomena were known, the 
compass was used to navigate the open sea, when the sky, con- 
cealed by clouds and fogs, gave no astronomical indication of the 
direction the ships should follow. It is one of the most striking 
examples of an application of physical phenomena long before the 
discovery of the law’s or the theory. A thousand years and more, 
before our era,” says Humboldt, ** and at so obscure a time as that of 
Codrus and of the return of the Heraclides to the Peloponnesus, the 
Chinese had already their magnetic halanceSy one arm of which carried 
a human figure which always pointed to the south ; and they made 
use of this compass to direct them across the vast steppes of Tartary. 
In the third century of our era, that is to say, seven hundred years at 
least before the introduction of the compass to the European waters 
the Chinese junks navigated the Indian Ocean by the pointing of 
the magnet to the south.” 

The sovili-pointing chariots of which Humboldt speaks consisted 
of a little statuette turning on a vertical pivot, one of whose out- 
stretched arras pointed to the south because it contained a magnetic 
needle of which the south-seeking pole was towards the hand, while 
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the north-seeking pole was towards the shoulder. Afterwards, in the 
second century, the Chinese compass had another arrangement which, 
through the Arabs, was communicated to European navigators at the 
time of the first crusades. This was a magnetic needle on a floating 
support. It was not till towards the first half of the fourteenth 
centurj’^ that this instrument, so useful in navigation, so precious in 
these days for the physical study of the globe, received a new improve- 
ment. and the magnetic needle w’as supported on a pivot. 

Without stopping too long on the history of the compass and its 
ai)plication to navigation and the arts and sciences, we will rapidly 
pass in review the laws of magnetic orientation, and describe the 
apparatus as they are now einjJoyed for various purposes. 

A magnetized needle freely suspended by its centre of gravity, and 
free to oscillate in every dii’ection about that j)oint, takes, when it is 
in equilibrium, a position which makes an angle both with the 
meridian and w ith the horizon of the place. The first is called the 
angle of declination, or simply the magnetic decliiwiUon ; the second is 
the magnetic indinafioiiy — whence there are two kinds of compasses, 
according as it is intended to determine the one or the other of these 
physical elements. 

We shall first deal with the Declination Compass. 

When a scientific determination is required, the declination coui- 
j)a8s is constnicted as in Fig. 334. Tlie magnetized needle is supported 
on an agate pivot, and inclosed in a cylindrical case M which carries 
on two metallic mounts a telescope ll', provided with cross wires at 
its focus and movable itself about an axis a a\ parallel to the plane 
of the instrument’s edge. All this system can itself turn horizontally 
upon this plane w hich is bounded by a divided circle r q. 

To measure the declination tlie compass is placed on a nearly 
horizontal surface, and its perfect horizontality is secured by observing 
the spirit-level h h\ This done, the telescope is turned to a known 
star, and from the time of the observation, the angle may be calculated 
which the vertical plane containing the star and the telescope makes 
w ith the meridian, which is called the star’s azimuth. From this the 
direction of the meridian is fixed on the edge r Q. The inner rim is 
then turned on the circle P Q by a quantity equal to that angle ; the 
line of vision NS, 0® — 180**, is then on the meridian, and it only 
remains to read upon the circle M the angle w hich it makes with the 
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magnetized needle. This angle is the magnetic declination of the 
place at tl)e moment of observation. 

The same method of observation is employed in measuring the 
declination by means of Ganibey*s compass (Fig. 33.")), only this 
instrument enables us to obtain the element in question with a still 
(irtatcr precisiov. The needle here is a magnetized ])ar ab, whose 
ends are provided with two rings with cross wires wliich serve to fix 
the position. This bar supported in its centre by a stirrup is sus- 
pended by a fine bundle of silk threads witlioul torsion to a movable 
windlass. Under the influence of the eaith’s magnetism it takes up 
after a few oscillations a fixed 
direction, which is that of the 
magnetic meridian of the jdaee 
at the moment of observation. 

The whole question consists in 
determining with all the preci- 
sion possible the angle which the 
magnetized bar then makes with 
the geograidiical meridian of the 
place. The frame which supports 
the stirrup carries at the same 
time a telesco])e L, ^^hich fulfils 
the same office as that of the 
cf>mpass described above. The 
Irame which supports it, and 
w Inch supports also the suspend- 
ing thread and the bar, turns on t K. {'{4 — l>f< iill.ltloll » 

the plane of the divided edge c c, 

provided wuth verniers by wdiich to read the divisions corresponding, 
first to the position of tlie telescope, and consecpiently to that of the 
vertical plane of the star observed, and then to the position of the 
vertical plane containing the axis of the magnetized bar. In order to 
avoid the influence of the motions of the air, the silk thread is 
inclosed in a case with glass sides, and another case, M M, incloses 
the bar, whose extremities are then observed through the openings o o. 

The declination compass is of the greatest use to navigators, in 
furnishing them with one of the elements necessary for deteimining 
tlie route of the* ship, that is, the angle which the vesseTs course 
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makas with the meridian of the place it is in. In sailing by reckon- 
ing, the other element, determined by means of the instrument called 
the log, is the speed of the ship. 



flu JS:* — Oaiiib«>y « dft iinatlon < ompaMt 


The compass thus used is spoken of by sailors as the ship’s com- 
pass. It is fixed abaft near the wheel, in a sort of protecting box 
called the binnacle. The binnacle is generally divided into three 
compartments, one in the middle containing a lamp for taking 
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observations by night, the other two contain each a cT)mpas8, so as 
to be under ipiinediate control. 

In the ship’s compass the magnetized needle rests on a pivot in 
the centre of the compass-box, or cylinder of copper. It carries a 
light disc, or compass card, on which are drawn the various points, 
and whicli also makes the oscillations smaller. The compass-box) 
weighted by a mass of metal, is itself carried in the binnacle by 
means of Cardan’s suspension, or gimbals : so that tlie plane of the 
card remains horizontal whatever may be the movements of the ship. 



Pm. —Ship's, or mariner k, compass 


A mark or a star on the compass- box in its front side shows the direc- 
tion of the axis of the ship ; this point is called the head of the 
compass. 

At any moment the angle which the magnetized needle makes 
with the head of the compass can be read on the compass card. 
By adding to this angle the magnetic declination, or by subtracting 
it, as the case may be, the true orient^ition of the ship is found.^ 

’ The employment of the compas** for navigation or geographical exploration 
supposes, as we have just seen, the knowledge of the value of the magnetic declina- 
tion of the places where the sailor or the traveller makes his observations, but it is 
essentially necessary that there should be no disturbance close to him, that would 
introduce an error— of all the more importance as he believes himself protected 
from it Now that the number of ships whose hulls are wholly or in part built 
of iron, goes on increasing, a similar cause of error exists in effect in the ship itself ; 
and it appears certain that the deviation of the magnet on vessels so constructed 
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A compass is also used iu tlie navy, which has for its object the 
determination of the magnetic declination by an operation exactly 
similar to that described above. A known star is observed, its azi- 
muth measured, which gives the direction of the meridian, and thence 
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the declination is obtained. The compass is called a variation com- 
pass. It is i)ortable, like the compass in Fig. 338, and only differs 

ha8 been the principal cause of many misfortunes When the bolts of an iron hull 
are driven home, a powerful magnetism is developed, a magnet is formed whose 
direction depends on the direction of the axis of the ship while in course of construc- 
tion. This magnetism acts on the needle of the compass afterwards fixed abaft, and 
produces a deviation which must be calculated or defined, in order to avoid errors 
of observation. By placing a standard coinpass in another part of the ship the 
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from it essentially in having the telescope replaced hy a concentric 
sight-vane with pinnies PP' at opposite extremities of a diameter. 
The case containing the magnetic needle with divided edge is sus- 
pended on gimbals. Two wires crossing at right angles are stretched 
over the side of the case containing the needle, and one of them gives 
the direction of the slits in the pinnies, and consequently that of the 
plane of vision. One of the pinnies carries a mirror at an angle of 
45°, in which the observer sees the arc of the card and the correspond- 
ing divisions at the same time that he sees the star through the slit of 


II 
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Fig 3.sy —Portable declination coinpaas 


the pillule and a part of the mirror where the quicksilver has been 
removed. 

While one observer sees the star, ])lanet, moon, sun, or a terrestrial 
object, and reads by the mirror the division wliich shows the angle that 
the magnetic needle makes with the vertical plane of the object 
seen, another observer makes a second reading by means of a thread, 
which is stretched at right angles to the direction of the pinules ; this 
second reading serves to control tlie first, 'W'ith this instrument those 

necessary correction may be made ; or another means may be employed, that of 
placing, in convenient places, bars of soft iron or magnets calculated to destroy the 
deviation. Unfortunately, it happens, that during the voyage, the magnetism of the 
ship changes in direction and intensity, —and then the risk is so much the greater as 
there is believed to he none. 

We have here a most interesting problem, of which the solution is still being studied 
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objects only can be seen that are not much above the horizon — at 
greatest 12® to 20®. 

The variation compass is sometimes placed on a platform alx)ve 
the dome over the after-cabin staira. 

Travellers in their geographical explorations of the interior of 
continents, and geologists who wish to know the directions of moun- 
tain chains, or of the other surface 
features, employ the compass like 
sailors. Only as the instrument is 
more easily set up in a fixed position 
there is no need for so complex a 
method of suspension. It is enough 
to have a tripod stand, to wliich the 
compass is fixed by a ball and socket 
joint, and a spirit level to secure 
the horizontality of the reading 
circle. A small telescope with cross 
wires, which m(ives parallel to the 
north and south line on the coinj>ass 
in a vertical plane, enables the ob- 
server to look in tlie direction of the 
line whose orientation has to be 
measured. The more simple com- 
passes have a sight- vane with j)inules 
iii.stead of a telescope. 

Since the compass enables us, 
when the magnetic variation of a 
jdace is known, to find rapidly the 
angle which any line makes with 
Fio 340 -hurt meridian — that is its orientation 

— it is clear that if we have deter- 
mined in this way the azimuthal angles of a series of horizontal 
lines, say those of the sides of a polygon, it is only necessary to take 
the difference lietween these angles in order to obtain the angles 
which these lines make wdth each other ; and more than this, if we 
only require to know the angles of the polygon, they may be obtained 
in the same way, without our lieing obliged to know the declination 
of the place. It is suflScient that during the operation the direction 
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of the needle should remain constant, which is sufficiently the case 
during the ordinary time occupied in topographical operations. Such 
is the principle of the employment of the compass in land surveying. 
But the measurement of the angles by this means is not sufficiently 
exact, if it must be within half or a quarter of a degree ; the oscilla- 
tion of the needle, which makes it difficult to read the angle, and the 
diurnal and irregular variations of the declination, whicli are some- 
times considerable, are the principal causes of this defect in precision. 

Compasses have been constructed for the pui poses of military 
reconnoitring, which do not give even so good an approximation as 
this, for the very simple reason that instead of being fixed they are 
only held in the hand in making an observation. AVe only mention 
them to call to mind this application of the declination compass. 


§ II. — Dir Circled— Tkkkestrul Ma(;netism. 

The dip circles, or inclination compasses, have for their object 
the measurement of the angle which the magnetic needle makes 
with the vertical of the place. Since this element is only susceptible 
of application in physical researches on the eartli, we shall confine 
ourselves to describing succinctly the dip circle adopted in magnetic 
observatories. 

A metallic divided circle, in the centre of which a magnetic needle 
is suspended so as to turn freely in the plane of the edge ; another 
circle similarly divided, and supported on a stand with three levelling 
screws — such are the two principal parts of the apparatus represented 
in Fig. 341. By means of a spirit level the second circle may be 
placed in a perfectly horizontal plane. In this case the first circle, 
which is perpendicular to the other, is veitical. It can also turn 
with its support about the axis of the instrument, and allow the 
needle to be placed in the magnetic meridiaii— a sight-vane movable 
with the support serves to fix the position.^ In this position the 

^ This position may be found if to the apparatus we adapt a declination compass. 
But this is not required, since all we need do is to tind the position oi the vertical 
circle in which the needle at rest is vertical. The magnetic meridian makes an 
angle of 90® with this position. By turning the vertical circle through 90®, we 
know then that we have placed it in the magnetic meridian. 
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needle comes to rest after certain oscillations inclined to the horizon 
at an angle which may be read off on the graduated cii*cle. It is 
this angle that measures the magnetic dip at the time and place of 
observation. 

It remains to say a few words about an important application of 
the declination and inclination compasses — we mean the scientific 
<letermination of these two elements and their diunial, annual, and 
secular variations at different points of the earth s surface. It is a 
most interesting line of research, and at the same time of the greatest 
use in navigation and geography. 

The study of tlie inagnelism of the surface of the globe has shown 

that the declination, the inclina- 
tion, and the intensity change 
from one place to another in a 
pretty continuous, but very ir- 
regular, manner in relation to 
geographiail positions. To repre- 
sent the .state at a given time 
Humboldt cimeeived the happy 
idea of drawing on terrestrial 
globes or charts three series of 
lines. The isogonic lines are 
curves joining all the points 
which have the same easterly 
declination or the same westerly 
declination. The isoclinic lines 
similarly indicate the places on 
the eailh where the dip, either to north or south, is the same ; and 
la.stly, a third series is composed of isodynamic lines, that is, the 
chains of points on the globe where the intensity of the force 
of terrestrial magnetism has the same value. It appears from 
an examination of these lines tliat there are in the neighbourhood 
of the two geographical poles two points to which the isogonic lines 
convei^e, and which are the common centres of the isoclinic but not 
of the isodynamic curves. These are the magnetic poles of the 
globe. At these two points tlie declination compass is indif- 
ferent, while the needle of the inclination compass there maintains 
a constantly vertical direction. As to the isogonic lines, not 
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only do they not coincide with the geographical meridians, but they 
must be distinguished also from the magnetic meridians. Among 
them two are remarkable, namely, the lines in which the declination 
is zero, which may be regarded as the continuation of each other ; one 
crosses the American continent from Hudson’s Bay to South Carolina, 
from the mouth of the Amazon to Eio de Janeiro; the other, less 
regular, cuts Australia, curves to the west of India, and passes by the 
Caspian Sea and the Aral Mountains to the White Sea. The two 
lines of no declination divide the globe into two parts ; that which 
contains Europe and Africa has all its declinations to the west, while 
those of the other part are all to the east. There exists in Asia an 
isolated elliptical portion of a line of no declination which surrounds 
a space in which the declination is to the west. 

The magnetic equator is the line of points where the needle of the 
dip cii*cle remains horizontal, and for which consequently the inclina- 
tion is zero. It does not coincide with the terrestrial equator, which 
it cuts in two points and touches in a third. The first two points are 
in the Gulf of Guinea, and in the Pacific Ocean about west longitude 
175® or 180®, and the point of contact is in Polynesia, about 135° 
w^est longitude from Paris. The isoclinic lines follow pretty nearly 
the contour of the magnetic equator, thus differing very sensibly from 
the geographical parallels. 

These systems of lines are not permanent, because the magnetic 
state of the earth is subject to certain oscillations of which some are 
periodic, and others variable. The decimation, inclination and dy- 
namic intensity vary continually in each place, and from place to 
place on the surface of the globe. These variations are partly secular, 
partly annual, and partly diurnal For example, at Paris, the value of 
the magnetic declination, which is now about 18°, and is to the west, 
was nothing in 1663, that is, a little more than two centuries ago; 
before that it was to the east ; for example, in 1580 it was 11° 30' E. 
Since 1663 it increased continually to the west till 1814, when it 
attained its maximum. Since then it has been going back. The dip 
has varied in like manner since the earliest observations. It was 75° 
at Paris in 1671, it is now only 66°; this, however, is a much less 
marked variation than that of the declination. Independent of these 
variations of long period, terrestrial magnetism is subject to annual 
ones, which appear to depend on the position of the sun relatively to 
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the equator ; it is also subject to diurnal variations, which in Europe 
draw the north-seeking end of the needle westwards from sunrise to 
one or two o’clock in the afternoon, and bring it back again towards 
its original position till ten o’clock at night. The amplitude of these 
variations oscillates between five or six mii^tes and twenty or twenty- 
five minutes. 

The x>erturbations or irregular variations of terrestrial magnetism 
consist in sudden changes which show themselves in the position of 
the needle of the compasses. Some are very evidently connected 
with natural phenomena, such as the aurora borealis, and possibly 
the eruptions of volcanoes, and the shocks of earthquakes; others 
are from unknown causes. 

We do not enter further into details on this interesting subject 
which is to be found developed in original memoirs and in works on 
physical geography. Our object has been to point out the importance 
of its applications. 
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CHAPTER 11. 

LIGHTNING -CONDUCTORS. 

§ I. — The Principles on which Lightning-conductors are 

Constructed. 

A RAGO in his admirable Notice mr le Tonnerre passes in review the 
various processes to which, from ancient times to that of Franklin, 
or even of ourselves, popular prejudice and the prejudice of men of 
science attributed the property of dissipating the clouds and escaping 
the lightning. A great number of tliese processes were only practices 
originating in superstitious credulity, and need not be mentioned. 
Some were founded on hypotheses not justified by experience, or as to 
which observation has hitherto furnished contradictory results. For 
example, it has been thought that great fires kindled in the open air 
took away from the clouds, at least in part, their fulminating properties. 
It was the opinion of Voltaire, based no doubt on the experimental 
fact that flames and hot gases are good conductors of electricity. But 
in the case of fires kindled in the open air could the gaseous columns 
rise to a sufficient height to reach the thunder clouds ? Anyhow, we 
have heard of places where the peasants have been in the habit of 
lighting, on the approach of storms, heaps of straw distributed hero 
apd there on the fields, and these places have not in fact suffered 
from lightning or hail. But on the other hand great conflagrations 
have happened a little before or during great storms, without the 
clouds which were nearest even to the scene of the accident having 
been deprived, to all appearance, of the smallest part of their elec* 
tricity. The efficacy of this method is thei^efore at least doubtful. 

Another means of dissipating clouds of every kind, and conse* 
quently storm clouds, has been pretty frequently employed by sailors 
and agriculturists. It is that of firing off pieces of artillery, cannons, 
or other firearms. But the very precise examples cited by Arego for 
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aad against this method, prove that it is far from being certainly 
efficacious. It is not even proved that it has ever had any influence 
at all in dispersing clouds, and one might just as easily deduce the 
opposite conclusion from the facts stated. 

The same must be said of the ringing of bells. The practice of 
setting the church bells ringing during storms has no other origin 
than in superstition, and the most certain effect of the practice of it 
is to make the ringer’s run a real danger, in order to ward off a much 
smaller one by imaginary means. Lightning, in fact, strikes by pre- 
ference the highest objects, especially those which, like bell towers, 
(ire almost always surmounted by insulated metal. 

Since the time of Franklin, who was, as is well known, the inven- 
tor of lightning-conductors, science can I’ecommend no other means of 
preserving edifices and houses with their inhabitants from lightning 
than these simple and almost always sufficient apparatus, provided 
they be constructed and set up in such a way as experience and theory 
unite in regarding as correct. 

The lightnmg-conductor is an application of the power possessed 
by metallic points of discharging the electricity from bodies in their 
neighbourhood, and the idea of making use of this property, which the 
illustrious American physicist had lately discovered, was the natural 
consequence of his opinion on the identity of lightning and thunder 
with electrical phenomena. Tlie experiments which proved this 
identity were made almost simultaneously, in 1732, in America and 
in France, Franklin flying in that year his famous kite, armed with a 
point, and drawing sparks from a thunder cloud near Philadelphia, 
whilst the French physicist Dalibard verified at the same time the 
ideas suggested by Franklin by setting up an insulated bar of iron 
fourteen metres high in the plain of Marly- en -villa 

Shortly afterwards the first lightning conductors were fixed at 
Philadelphia. From America they quickly passed to Europe, and 
the first one seen in France was fixed at Dijon by Guyton de Morveau. 

The most recent ^ instructions on the employment and construc- 

^ The fifst report upon this interestiog question dates from 24th of April, 1784, 
and the commission which drew it up numbered among its members Coulomb, 
Laplace, and Franklin himselt 

In 1799, 1823 and 1856, new instructions were given and submitted to the appro- 
bation of the Academy of Sciences. 
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tion of lightning-conductors come from a commission of the French 
Academy of Sciences, which reported on the 14th of January, 1867, 
through M. Pouillet. Our description will be founded on this 
report. 

We commence by explaining the theory of storm-clouds and 
that of the action of the lightning-conductors on the electricity 
they contain. 

1. Storm-clouds which produce lightning are nothing else than 
ordinary clouds charged with a great quantity of electricity. 

The lightning which cleaves the sky is an immense electric spark, 
whose two poles are the two clouds, separated from each other and 
charged with opposite electricities. 

The thunder is the noise of the spark. 

The lightning is the spark itself, or the recombination of the 
opposite electricities. 

When one of the poles of the lightning is on the surface of the 
ground we say that the thunder, or rather the liglitning falls, and that 
the terrestrial objects are struck by lightning. Then all the points of 
the tongue of lightning are still the recombination or neutralization 
of the two opposite electricities, one of which is furnished by the 
cloud and the other by the earth itself. 

How comes the earth, which is generally in a natural state, and 
without apparent electricity, to be thus charged with electricity, and 
that contrary to the electricity of the cloud at the very moment it is 
struck ? 

This is the first question we have to examine. 

2. Before the lightning falls the storm-cloud that contains it, 
notwitlistanding it is several furlongs above the ground, acts by 
induction to repel the electricity of like kind, and to attract the 
electricity of the opposite kind. This induction tends to influence 
all bodies, but it is really only effectual or. good conductors ; such 
are, in different degrees, the metals, water, moist earth, living 
creatures, vegetables, &c. 

The same conductor expeiiences very different effects from the cloud, 
according to its own form and dimensions, and above all according as 
its communication with the ground is perfect or imperfect. 

A tree, for instance, when it stands in ground only moderately 
moist is but little influenced by induction, because the electricity of 
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the same kind cannot be repelled far through this ground, because 
it is but a very bad conductor for large charges of electricity. 

If the tree, on the contrary, is on very wet ground of great 
extent, it will be much influenced, because the electricity of the same 
kind can spread a long way in this good conductor, and the whole 
amount of possible induction will take place, if this good conductor, 
at its limits, is also in communication with other sheets of water of 
indefinite size. 

When yt’e are dettliug with the electricity of our machines, the 
surface of the earth, whatever it may be, is what we call the ground 
or the common reservoir. We can call it so, because its conductibility 
is sufficient to disperse and neutralize all our little electrical charges. 

When we arc dealing with lightning, the vegetable soil, in its usual 
state, is not what we can call the common reservoir, it becomes rela- 
tively a bad conductor, according to the geological formations of 
various kinds on which it reposes. It must reach the first water- 
bearing stratum, that is the stratum supplying wells which never dry 
up (we will call it here the subterraneim stmtum), to find a bed whose 
conductibility is sufficient. This, on account of its extent and 
numerous ramifications, cannot be insulated from the neighbouring 
water-courses; and with them, the streams and rivers, and the sea 
itself, it constitutes what we may call the common reservoir for 
thunder-clouds, and consequently the common reservoir for the light- 
ning-conductors. 

“ In fact, while the storm-cloud exercises its induction everywhere 
below it, attracting the contrary, and repelling the like electricity, 
the subterranean stratum is affected by the induction to an incom- 
parable d^ree. Then all the upper surface becomes chaiged with the 
opposite electricity which the cloud accumulates there by its attrac- 
tion, while the electricity of the same kind is repelled and dispersed at 
a distance in the common reservoir. So when the lightning falls the 
two poles are one on the cloud and the other on the subterranean 
stratum, wliich acts as a second cloud necessary for the explosion of 
the lightning. 

“ It is in this way that the globe, always on the whole in a natural 
state, is eventually electrified at certain points by the presence of the 
storm-clouds. 

** Buildings, trees, and living animals, which are struck by lightning 
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must be considered as simply media which it finds in the v'ay and 
strikes in passing. 

“At the same time we must not hence conclude that these media are 
essentially passive, and never contribute in any way to modify or 
even to determine the direction of the lightning-.stroke. It is certain, 
on the contrary, that they exercise in this respect an influence which 
is all the greater, as they are of more considerable size and of better 
conducting power. When a vessel, for example, is struck in the middle 
of the sea, it is very probable that the lightning has not taken the 
path which would be geometrically shortest to reach the water it is 
seeking, and where it will be neutralized by the opposite electricity, 
but that it has chosen the ^way that was electrically the shortest, on 
account of the decomposition by induction which the cloud has 
previously produced, on the masts, rigging, and other conductoi'S of the 
vessel, which are more or less elevated and good conductors. 

“ This phenomenon is analogous to that of the spark drawn at a 
great distance between the conductors of a powerful electrical machine; 
it may be turned aside from its most direct palh by the presence of 
one or more insulated conductors placed near its line of traverse ; it 
passes to strike the same point, but it reaches it by a path electrically 
shorter, although it is longer in appearance. 

“ Here the insulated conductors change the direction of the spark. 
The media, of which we spoke just now, change the direction of the 
lightning. We limit oumelves to the simple enunciation of this 
fundamental principle which we cannot develop here : it contains the 
explanation of all the movements, often so strange, of strokes of 
lightning and of all the destructive effects they produce. We can never 
account for them without having thoroughly recognised the two poles 
or points of departure, and \)etween these two points a series of media 
which have been struck by the fork of the lightning, sometimes 
single sometimes multiple.” 

Here ends the theoretical part of the report, which in the opinion 
of the members of the commission, serves as a base for those practical 
instructions afterwards laid down for the construction and fixing of 
lightning-conductors. We now return to these instiuctions as far as 
they are essential. 
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§ II. — ^Description and Arrangement of Lightning-conductors. 

A lightning-condactor is nothing else than a good conductor 
without interruption, the upper end of which is raised to a sufficient 
height to command the edifice it has to protect, and the lower end 
communicates freely with a subterranean water-bearing stratum. 

As lightning can melt and volatilize metallic threads of a small 
diameter (less than six millimetres), but has never been known 
to bring even to a low red heat, square rods of iron fifteen 
millimetres in the side, the conductors should be made of not less 
dimensions than this. 

The lightning-conductor is composed of two principal parts, the 
rod and the conductor or conductors; the description of which is 
now given. 

The iron rod which forms the upper end should be terminated by 
a cylinder of red copper of 2 centimetres diameter and of 20 to 25 centi- 
metres in length, fixed by a screw to the rod. This cylinder is itself 
terminated at the top by a cone. The lower part of the rod is square, 
and gradually increases in thickness to the point of junction with the 
conductor, where the section measures about 4 or 5 centimetres on the 
side. In this case the total height of the rod varies from 3 to 5 metres. 
Formerly it was recommended to terminate the rod by a fine and 
very sharp point of gold or platinum. When this was done as soon 
as the storm commenced the electricity passed away through the 
point in the form of a luminous brush visible in the dark. The highly 
electrified air in passing to the cloud neutralized, it was thought, a 
portion of the electricity of the latter. But the intensity of the 
electric flow was sufficient at the same time to melt the gold or pla- 
tinum point, so that after a certain time the sharp point disappeared 
and was replaced by a laige button of fused metak 

The preventive action of the sharp point in drawing off the elec- 
tricity in the form of a luminous brush, was only assured for a limited 
time ; besides this, it was not a very great advantage, if it were true 
that the air electrified by the rod instead of going directly to the cloud 
was often driven away laterally by the wind. For these reasons the pre- 
ference is now given to rods ending in a cylinder and cone of copper. 
Formed in this way the point of a lightning-conductor very seldom 
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allows any luminous brushes, but on account of the form and the great 
conductivity of copper — it resists fusion much better, without being 
any the less effective a protection to the building. The essential thing 



Fio d42 ~Conlcsl point of red copper Fio 348 —Vertical rod of tlie liglitning conductor, 
in the lightniog-conduotor. 

is that the electrical current in passing from the cloud to the lightning* 
conductor, when the lightning falls should find an uninterrupted path 
from the point to the subterranean stratum. 
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The metallic bar which serves as the conductor, and has, as we have 
seen, a section of about 15 millimetres in diameter, must be soldered 
with care to the rod which is itself firmly fixed to the framework of 
the ridge of the budding. All the successive parts, whether vertical, 
horizontal, or inclined must be joined by curves and soldered with the 
same care at the points of junction. The constancy of these junc- 
tions is further secured by branching iron suppoi'ts which allow of a 
longitudinal motion, without any lateral swaying. 

The rigid bars of the conductor are sometimes replaced by cables 
of three or four strands of iron wire, tarred outside to prevent rust. 
Great care must then be taken that the communication of the cable 

with the rod shall take place by as 
large a contact as possible between the 
metallic surface of the rod and the iron 
wii’es; these must be perfectly clean 
and soldered to the iron of the rod. 

An essential condition, too, is that 
all the metallic parts, of the building, 
the ridges and gutters of lead or zinc 
the beams and floors of iron should all 
be in communication wuth each other 
and with the lightning-conductor. 

We now come to the most essential 
condition of all, which, if neglected, 
would make the lightning-conductor, 
instead of being a protection against 
the lightning, a veiy dangerous apparatus on the occasion of a storm. 
It is that the conductor having once reached the ground should go 
deep enough to be in constant communication with a water-bearing 
stratum. For this purpose a well may have to be sunk on purpose, 
of such a depth that in the greatest droughts the water may stand 
in it to the height of a metre at least. Tf any water-courses, streams, 
or rivers, of sufficient size to be never dry in times of drought, or if 
lakes or laige ponds hap];>en to be near the conductor, it is sufficient 
to put it in constant communication with the water. 

Besides this, there is no reason why the conductor shotild not also 
be placed in communication wiCb the upper layer of the soil which 
forms a supplementary reservoir when sufficiently saturated with rain ; 
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but this precaution would be quite insufficient if it were not coin 
bined with the principal one of a well into which the conductor dips 
by several branches, as is shown in Fig. 345. When a lateral brancli 
is put in communication with the soil, it* should be surrounded by 


charcoal, which is at the same time 
and a preservative against rust. 

Numerous facts prove the effi- 
cacy of lightning-conductors, but 
for this efficacy to be real, the 
apparatus must fulfil all the con- 
ditions above enumerated. The 
number also of the lightning- 
conductors and the height of the 
rods must be determined by the 
dimensions of the buildings they 
are designed to protect. Expe- 
rience has shown that the greater 
the height of the rod above the 
ridge of the building, that is 
above its junction with the con- 
ductor, the wider is the range of 
its protective power. The radius 
of its range is about twice the 
height of the rod. These facts 
enables us to determine the num- 
ber of lightning-conductors which 
must be set upon a house or other 
building. The rule, according to 
Arago, may be stated as follows : 

— ** The smaller the height of the 
rods the more of them there 
should be. Their number will 


a good conductor of electricity 



Fio S45.- The fixing of lightning conductors. 
Vertical and oblique rods 


be aufficieat, provided that no point on the top or on any tenace is 
at a greater horizontal distance from the nearest rod than double 
the height of that rod above its base.” 

Vertical lightning-conductors are sufficient •when the building is 
not of great height, when it is, the sides must be specially protected, 
for there arc instances of buildings struck by lightning at points far 
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below their summits. Eods placed obliquely or even horizontally will 
have the effect of discharging those parts of the clouds whigh in the 
time of a thunderstorm descend to within a short distance of the ground, 
and against which the vertical points of lightning-conductors have no 
neutralizing action ; of course the oblique rods must have their con- 
ductors as well as the vertical. Besides this it is advisable to place 
all the lightning-conductors’ rods of the same building in communica- 
tion by metallic bars running along the ridges, but each should have 
notwithstanding, as far as possible, a separate conductor. Many con- 
ductors may vrithout inconvenience be brought to terminate in the 
same well, but if several bars are united into one, it must have a 
section in proportion to the number of conductors it replaces. 



Fio 84ff — Limits ol protection of a ».}stent of lightning conductors fixed ou a building 


Of late years lightning-conductors with multiple points have been 
much recommended as the best presen^ative against lateral dischaiges 
of lightning. Of all the buildings that should be preserved from 
lightning, the most important are the magazines of explosive or fulmi- 
nating materials, such as gunpowder, gun-cap manufactories, powder 
magazines, &c. In this case, however, it is preferable to surround 
the place with towers of w’ood or masonry, on the top of which the 
rods are fixed. The reason of this precautionary arrangement is easy 
to understand. It is not sufficient to prevent the building from being 
struck by lightning, the electric flow which passes off by the rods and 
conductors must also be prevented from coming in contact with the 
masses of air that are near the magazines where dangerous materials 
are manufactured, or even stowed. In this air floats a fine dust of 
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inflammable particles, from which the current of electricity must be 
kept as far as possible. 

Ships at sea, from their form and the height of their masts, are 



Fio 347 '—Lightning-condootor witli multiple pointo 

much exposed to the strokes of lightning. It is therefore very import- 
ant to provide them with one or more lightning-conductors, whose 
vertical rods are fixed to the summits of the masts. The conductors 
may be either rods or metallic ropes, which join the copper covering 
of the keel The constant communication with the immense mass of 
the sea, renders the protection of this apparatus always effectual. 
Harris has invented for the protection of ships a system of 
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ligh tning -conductors which has been adopted in the British navy, and 
which has the advantage over rods or ropes of metal of adapting 
itself to all the movements and all the varying positions of the masts. 
This system consists in placing sheets of copper round the mast and in 
communication with the sheathing of the ship. The result of this is, 
that in bad weather when the masts are broken by the violence of the 
wind, the lightning always finds a system of conductors sufficient for 
the discharge of the stroke and rendering it inoffensive. Arago states 
that the English frigate Dryad was often exposed, off the coast of 
Africa, to violent storms, called by sailors tornados (the ship was pro- 
vided with Harris’s new lightning-conductors). The electricity came 
down along these continiious pipes of copper in such quantity as to 
give rise to a sort of luminous atmosphere, and a noise like water 
boiling very fiist The ship w-as nevertheless preserved throughout. 

Professor Clerk Maxwell, who has recently investigated this subject, 
has come to somewhat different conclusions. Taking the extreme case 
of a powder magazine, he states that, “ It is quite sufficient to inclose 
the building with a network of a good conducting substance. For 
instance, if a copper wire, say No 4, B.W.G. (0‘238 inches diameter), 
were carried round the foundation of the house, up each of the comers 
and gables and along the ridges, this would probably be a sufficient 
protection for an ordinary building against any thunderstorm in this 
climate. The copper wire may be built into the wall to prevent theft, 
but should be connected to any outside metal, such as lead or zinc on 
the roof and to metal rain-water pipes. In the case of a powder-mill 
it might be advisable to make the network closer by carrying one 
or two additional wires over the roof and down the walls to the wire 
at the foundation. 

“ If there are water or gas-pipes which enter the building from 
without, these must be connected with the system of conducting- 
wires, but if there are no such metallic connections with distant 
points, it is not necessary to take any pains to facilitate the escape 
of the electricity into the earth. Still less is it advisable to erect 
a tall conductor with a sharp point in order to relieve the thunder- 
clouds of their chaige.” 

It is hardly necessary to add that it is not advisable during a 
thunderstorm to stand on the roof of a house so protected, or to 
stand on the ground outside and lean against the wall. 
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CHAPTER HI. 

ELECTRIC TELEGRAPHY. 

§ I. — Invention of Electric Telegraphy 

Telegraphy, or the art of communication at a distance, so as to 
transmit orders, news, or instructions in a detailed and precise manner, 
is quite a modern invention, a contemporaneous art, as we may say 
We have shown in the chapter devoted to telegraphy, what are 
the elementary means of communication whicli all nations have used 
from time immemorial in oi der to correspond rapidly at great distances . 
bonfires, speaking-trumpets, the human voice transmitted from watch- 
man to watchman, firing of cannon, maritime signals consisting of 
combinations of visible objects, all these methods depend on the rapid, 
almost instantaneous, propagation, of two physical agents, one, however, 
much slower than the other, namely, sound and light. 

But it was not till the close of lost century that any attempt was 
made to bring telegraphy to sufficient perfection to be used in the 
transmission of government despatches, and to insure the secrecy of 
these despatches, while giving them the same degree of precision as 
the language itself. Chappe’s air telegraphs were adopted in 1793 by 
the National Convention in France, and soon after spread into civilized 
countries. But before even these were conceived, attempts had been 
made in an entirely different direction ; a new science, electricity, had 
revealed the existence of an agent which is propagated with a velocity 
comparable with that of light, and the idea of making use of pheno- 
mena of this kind for rapid communication was spreading on all sides. 
Fifty years had scarcely passed before the electric telegraph had been 
invented and had dethroned the air telegraph. 
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In these days the metallic threads which serve to transmit human 
ideas with the velocity of lightning, in the interests of commerce, 
politics and science, as well as for private correspondence, circle the 
entire globe. They form a network of prodigious length, which not 
only covers continents but crosses oceans and seas, and unites all the 
nations of the world, from Europe to the Indies, China and Japan, 
Australia and New Zealand, and North and South America. From 
the American continent this marvellous chain will ultimately cross 
the whole extent of the Pacific to join Japan and China, and thus 
complete the circuit round the terrestrial spheroid. We will give 
further on the statistics of the universal electric telegraph ; but pass 
now to sketch the history of this marvellous invention. 

To give this history in all its details would require a volume. 
It must suffice us to indicate rapidly its principal phases, and 
to show how these phases are connected with the progress of 
science itself. 

Before the invention of the voltaic pile, the projects for electrical 
communication, although sufficiently numerous, never had any serious 
practical application. In Le Sage’s system (1774) the electricity of a 
machine was transmitted by isolated metallic wires to an electroscope 
whose movements marked the letters of the alphabet ; there were in 
this case 26 wires according to the numlier of letters. I-ater, in 
1798, Bethencoui-t substituted the discharges of a Leyden jar for those 
of an ordinary machine, and the system was applied between Aranjuez 
and Madrid over a distance not less than 27 miles. An analogous 
system was constructed in 1787 by the French physician Lomond. 
Beiser in 1794, Cavallo in 1796, Salva in 1796, and Ronald, lastly, in 
1823, made use also of statical electricity for the transmission of 
signals, with a modification of the method of Indication, as, for 
instance, the employment of sparks made to discharge upon a 
fulminating pane. 

The discoveiy of the voltaic pile directed the attention of inven- 
tors to a more interesting method, and one much nearer to the true 
solution. Cox, the American, in 1800, Soemmerring in 1811, and lastly 
Schweigger, the inventor of the multiplier, in 1828, had successively 
the idea of making use of the chemical properties of the voltaic 
current The bubbles of oxygen and hydrc^en ariBing from the decom- 
position of water gave by their disengagement at one station, various 
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signals agreed upon and produced at the other station, that is, at the 
opposite extremity of the conducting wires, by the successive inter- 
ruption of the current. 

A new advance in the science, namely, the discovery of the action 
of currents on magnetized needles ((Ersted, 1820), was the starting- 
point of new researches which led at last to the desired end. Even 
in the same year as this fundamental discovery Ampere defined this 
end and indicated in these terms the means of attainin'^ it. 

“We could/’ says this illustrious physicist and philosopher, “by 
means of as many conducting wires, and of magnetized needles, as 
there are letters, establish, by the aid of a battery placed at a distance 
from the needles, and which could be made to communicate alternately 
by its two extremities with those of each conductor, a sort of telegraph 
which might write all the details we wished to transmit, over the 
intervening space, to the person charged to observe the letters placed 
over the needles. By fixing above the battery a key-board whose 
keys denoted the same letters, and by establishing the communication 
by their depression, this means of correspondence could be easdy carried 
out, and would require no more time than that necessary for touching 
the key at one place, and reading each letter at the other.” 

Ampere’s idea was not realized in the shape in which he formulated 
it. The number of galvanometers, each of which was to correspond 
to a single letter of the alphabet and to each further sign to be 
transmitted would have been too great, but we shall see in time, when 
we describe the needle electro-magnetic telegraph, that it is the same 
principle that dictates its construction. It is to Wheatstone that we 
owe the improvements and simplifications which have given to 
Ampere’s conception all its practical importance. 

But before it arrived at a complete realization, this conception was 
applied in various ways, by Schilling in 1833, by Gauss and Weber in 
1836, by Eichtie and Alexander in 1837. The first of these applied 
his system at St. Petersburg, but on a small scale. Five platinum 
wires were inclosed in a cable of silk each joined by one of its 
ends to a multiplier, and by the other to a key-board like that of a 
piano. On sending the current of a battery through one of these wires, 
by putting down the key corresponding to it, the needle deviated to 
one side or the other according to the direction of the current. This 
formed with the five needles ten different signs. Messrs. Eichtie and 
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Alexander constructed at Edinbui^h in 1837 an apparatus on the 
same svstem. It had thirty needles corresponding to as many wires 
stretched between the two stations and made a corresponding number 
of signs. Gauss and Weber employed also this kind of apparatus for 
communication between the physical laboratory and the observatory 
of Gottingen.” (I)aguin) 

The time had now arrived (1837 and 1838) when the electric 
telegraph was about to pass from the period of attempts and ex- 
periments to that of true practical realization, and the names of 
Wheatstone, Cooke, Steinheil, Morse, Masson, and Brdguet recall 
the important labours, discoveries, and improvements which charac- 
terise the different systems successively adopted. We will here 
then leave our historical notices to enter on the description of 
the systems, but we must draw attention, by an example, to the 
manner in w'hich the applications of science are bound up with 
purely scientific progress. Without the discovery of the new forms 
of battery, without the substitution of constant currents for the 
currents of the first kind of batteries whose intensity so rapidly 
decreased, it is probable that the marvellous art of electric telegraphy 
would be yet in its infancy. It would be still a curious application 
of physics, and not an invention in use and of universal value. 


§ II. — The Electric Telegraph. — General Theory. 

A piece of soft iron in the form of a horee-shoe, round which is 
twisted a helix or spiral made of an insulated metal wire, constitutes 
an electro-magTiet, that is to say, a temporaiy magnet, whose magnetic 
])Ower continues during the passage of the electric current through the 
wire and ceases as soon as the current is interrupted. 

This temporary magnetisation is instantaneous, and it ceases with 
the same rapidity as it commences. It follows from this that if by 
any means whatever we can make a current of electricity pass through 
the coil of an electro-magnet, and then cut it off, in a rapid series of 
operations composed of this double elementary operation the attrac- 
tion of the pole of the magnet for its armature will be reproduced and 
suspended the same number of times, lliis property is made use of 
to obtain a series of alternating movements of the armature; it is 



OHA.P. III.] 


ELECTRIC TELEGRAPHY. 


547 


sufficient for this purpose to arm the latter with a spring which keeps 
it at a short distance from the poles, without preventing it coming in 
contact with them every time the current passes. On this principle is 
based the construction of the machines known as electro-magnetic 
engines, because electricity is tire source of the motion they produce. 
This motion, which it has been attempted to utilize for purely mecha- 
nical purposes, as we shall see in a future chapter, serves for the 
production of signals which can be transmitted with very great 
rapidity to considerable distances, owing to the enormous velocity 
with which electricity is propagated in a conducting wire. Such, 
reduced to its simplest form, is the method of ])roducing motion most 
generally adopted in the different systems of electric telegraphy. 

Nevertheless, in certain of these systems, the electric current acts 
either directly on the needles of a galvanometer or indirectly by its 
chemical or electrolytic properties. But whatever in other respects 
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may be the mode of action of tlie electricity, an electric telegraph 
is always necessarily composed of the four following parts : 

First, an apparatus for producing the current, that is to say, an 
dectro-viotor. This is sometimes a galvanic battery, sometimes an 
induction machine, either magneto-electric or electro-magnetic. 

Secondly, an apparatus of transmission, forming a circuit, or electro- 
dynamic conductor. This is the wire or wires uf the line joining the 
sending and receiving stations of the signals. 

In the third place an apparatus for producing the signals, called a 
manipvdator, which is handled by the person sending off tlie message. 

In the last place, there is a receiving apparatus, by which the 
signals sent are reproduced at the receiving station ; this is called the 
indicator or receiving instrument. 

We shall see presently that in an electric telegraph there are other 
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secondary apparatus, such as the alarums or warning apparatus, 
relays, and lightning conductors. They will be described in their place. 

Such are the principles of electric telegraphy, as it has been prac- 
tised up to the present time. The number of systems which have 
been and still are in use in the universal network is very large. We 
can only propose to describe those in most general use ; and among 
these the most original, that is, those which are distinguished by some 
characteristic idea, by a special mechanism, or a particular method of 
signalling. From this latter point of view we may class the electric 
telegraphs in use under five groups. 

1st. The needle telegraphs. These have the indicators composed 
of magnetised needles under the immediate action of the current 
which circulates in a coil, which causes deflections to the right or left, 
which arc the elements of the signal. 

2nd. The dial telegraphs, in which the indicator consists of a dial 
with an indicating needle whose motion is regulated by an electro- 
magnet, under the action of a cuiTent alternately sent through the line 
and interrupted. 

3rd. The Avriting telegraphs where the message sent is traced by 
the indicator on a band of paper which uurols itself continuously ; 
the signs which are stamped or marked in ink are produced by a style, 
whose motion is due to the passage or interruption of the current. 

4th. The printing telegraphs, where the message itself is printed 
in typographic characters, no translation being any longer necessary. 

5th. Autographic telegraphs which reproduce not only the text 
but the facsimile even of the uniting of the message, so that 
signatures and drawings may be sent and reproduced in the original 
form. These apparatus have received for this reason the name of 
pantelegraphs (from the Greek vav aU). 

We pass now to the details of the mechanism of the principal ' 
systems of telegraphy just enumerated. 

§ III.— Needle Telegbaphs. 

We commence with the needle tel^raphs, which, as we have seen 
above, are those which first received the sanction of serious and 
practical experience. 

It is to Wheatstone that their invention is due. 
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At firat this illustrious electrician employed five galvanometers, 
which required, including the return line, six wires. The five wires 
were disposed in this way. They were ranged in front of and 
along the central line of a lozenge-shaped frame, and the corresponding 
galvanometers were placed behind the frame opposite the ends of each 
wire. When a current was made, by the manipulator, to pass through 
two of the five galvanometers in an opposite direction, the two needles 
deviated at the same time, placing themselves diagonally and pointing 
to one of the lelteis inscribed on the frame. For example, the needles 
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1 and 4 (Fig. 349) have their upper ends directed towards the top of 
the frame and indicate the letter B ; if the current passed through 
the same galvanometers, but in opposite directions, the lower ends of 
the needles would be directed towards the base of the frame and mark 
the letter V. When a needle moves alone it indicates one of the ten 
figures written on the lower edge of the frame. Two similar dials 
united by five wires give the same indications at the same time 
when the sender of the message works the manipulator. By pressing 
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on two of the buttons marked with the figures 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, and 18, placed in two different horizontal rows, 
the current passes through the two corresponding galvanometers after 
having traversed the line wires and put in action the same needles 
of the receiving dial. 

We will not describe the mechanism of the manipulator of this 
system, though it was successfully worked on the London and Birming- 
ham Eailway, until replaced by a simpler system ; in fact, Wheatstone in 
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coojanction with Cooke soon modified it, by reducing the number of 
galvanometers to two or even ona Hence arose tlie single needle, 
and two needle telegraphs which have been adopted on English tele- 
graphic lines, and which we will now describe. The mechanism is 
as we shall see, of great simplicity. 

Fig. 350 represents, on the left, the front face of the apparatus, 
which is the same at the receiving and sending stations. 

In the centre, we see the outer needle of the galvanometer whose 
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deflections to the right or left are marked by the figures 3 and 1 , and 
are limited on each side by an ivory button. At the bottom is the 
handle of the manipulator, which the sender turns to the left or to 
the right according to the direction of the deflection he wishes to 
produce. By combining the order and number of the deflections of 
the needle to the right or the left 1, 2, 3 or 4 movements are suffi- 
cient to represent the letters of the alphabet, the 10 digits, and 
signs in common use. The following are tlie signs agreed upon in 
England : — 
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The figures are indicated by the number and order of the deflec- 
tions to right or left of the lower point of the needle. The clerks 
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pass from letters to figures and from figures to letters by a precon- 
certed signal. We need scarcely say that these combinations of 
signs are altogether arbitrary — thus the signals adopted in Belgium 
for this system of telegraphy were different to those just described, 
but the mechanism is not dianged on that account. 
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We will now describe the manipulator of Wheatstone’s single 
needle telegi'aph. As appears on the right of Fig. 360, which shows 
the back of the apparatus, the galvanometer G is placed in the centre 
of the vertical line as represented on the front face in the same figure. 
The indicating needle is mounted on the same axis as the magnetized 
needle of the galvanometer. They are also both magnetized, forming 
a compensating or astatic system as in Nobili’s galvanometer (see 
Forces of Nature, book vi). What constitutes in reality the mani- 
pulator or commutator is situated below the galvanometer. It consists 
of a boxwood cylinder suppoit;ed on two metallic bearings on the 
axis of the outer handle, and movable like it to right or left. On the 
outside this cylinder is covered by two metallic bands which are insu- 
lated from each other. The bearing D is in constant contact with the 
spring R, and also with the band w. Two metallic points h and V rise 
from each of the bands and, according to their position, come one 
against the spring K, the other against spring TJ. The band m is in 
permanent contact with the spring K". At M is seen a metallic rod 
armed laterally with two points which touch in a and a\ according 
to tlie position of the needle, either the spring u', or the spring u. 
Lastly the galvanometer wires are joined to the two pieces z and ?! 
which are themselves united, the fii’st with the end L of the line wire, 
the second with the springs u' K' and the wire of the positive pole of 
the battery ; on tlie other hand, the springs K and U are joined to 
the earth-wire T, and K*' to the negative pole N of the battery. 

This being riven, imagine the handle of the manipulator vertical. 
In this case, the points h and V are themselves vertical, and the 
metallic bands of the cylinder remain insulated ; the current from the 
battery cannot pass from one to the other, nor in consequence enter 
the galvanometer wires. 

Supjxise the handle turned to the right — this is the case repre- 
sented in Fig. 350. The two points h and V press against the springs 
K and v\ taking the latter out of contact with the piece M. The 
current will then follow the path marked by the series of letters 
corresponding to the different pieces of the manipulator in the 
following order — P B n u ft' z' o z L ; the cnrrent thus coming from the 
line wire after having deflected the upper point of the galvanometer 
needle in the sender to the right, pursues its course, enters the 
receiving apparatus and deflects the needle of its galvanometer in 
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the same direction, and then loses itself in the earth. As we shall see 
further on, the earth plays the part of the return wire, so that the 
negative pole of the battery of the sending apparatus completes the 
circuit by the intermediate pieces T K 6 m k" N. 

When, on the contrary, the handle is turned to the left, the direc- 
tion of the current is reversed, on account of the position of the 
points h and h\ of which the first presses against the spring k' and the 
second against the spring u, which is separated at the same time from 
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the piece M. The path followed by the current is tlien indicated 
by the series of letters N k" 6 k z' g z l, the line, and then T u 
w K P. The current circulating in the opposite direction, deflects 
the needle of the sender to the left at the same time as that of 
the receiver. 

We see then that the galvanic cuirent, in this system, traverses' at 
the same time, and in the same direction, the galvanometers of the 
two extreme telegrapliic stations. It is interrupted simultaneously 
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in the two. The signals sent are thus reproduced at the same 
instant. 

The Uoo needle telegraph of the same inventors is based on the 
same principle as the preceding. The two apparatus of the sending 
and receiving stations are each composed of a double galvanometer 
and a double manipulator, independent of each other. The clerk who 
w’orks them, takes, in his two hands, the two handles which move the 
manipulators to the right and left, he then turns them in one direction 
or the other, separately or simultaneously, so as to produce the signals 
which constitute the alphabet and tlie figures of which Fig. 353 is 
the table. 
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At the top of the apparatus (Fig. 352) is the alarum which 
announces the sending off of a message. On the side are two 
metallic bands which put the alarum in communication with the 
current in the line. The receiving clerk, as soon as warned, replies by 
a concerted signal that he is ready to receive — he then turns the 
handle seen at the side of the apparatus, so as to stop the communica- 
tion with the alarum, and interrupt the ringing during the time the 
message is being received. 

The dial placed below the handles of the manipulators is provided 
with a needle, which, according to its position on the dial, cuts off 
such and such stations on the line from the action of the current, 
or divides the line into two independent parts. This is called the 
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disconnecting apparatus. By the aid of the commutator, telegraphic 
communication may be kept with the stations interested, and the 
service continued independently between all the others. 

In the two needle, as in the single needle, telegraph the deflections 
are limited by two little ivory pins, which have the further advantage 
of enabling the ear to catch the number of beats by the little blows 
of the needle upon the ivory. Other inventors have constructed 
different systems of needle telegraphs which have worked with 
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success. We may refer to a few of them simply noting the principle 
of their construction. 

We mention first the two needle telegraph of M. Glcesener, which 
is nothing more than a modification of Wheatstone’s. This modifica- 
tion consists principally in the addition of two electro-magnets to the 
multiplier of the receiving instrument, each of wliich acts upon a 
different pole of the three magnetized needles composing the galvano- 
meter. The magnetizing coil of these electro-magnets is the continuation 
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of the multiplier. According to M. Glcesener, this addition doubles 
the power of Wheatstone’s apparatus. 

Bain’s single needle telegraph depends upon a different princi- 
ple to those just described. The electro-magnetic agent is an electro- 
magnet whose bobbins react on two permanent magnets in the fonn 
of semicircles, movable about an axis which carries the indicating 
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needle. The simultaneous attractions and repulsions in one direction 
or the other produced in the poles of the electro-magnet and the 
permanent magnets by the passage of the galvanic current deflect 
tlie needle to the left or bring it Iwick to its vertical position. The 
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manipulator is a simple commutator for reversing the poles, worked 
by a handle, the latter being brought back to the vertical by springs. 
Bain’s td^raph used to work between Edinbuigh and Glasgow from 
1846 onwards. 
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Henley’s needle telegraph has for its moving agent a magneto- 
electric machine. An electro-magnet is made to turn in front of the 
poles of a strong permanent magnet in the form of a horse-shoe : by 
means of a little ivory knob which is pressed by the finger, an induced 
current may be set up, which circulates in the line and the indicator, 
and as soon as the finger is raised, a second current passes in the 
opposite direction. The indicator is itself an electro-magnet provided 
with two pieces of soft iron at its two poles, and between these two 
pieces, which are in the form of a horse-shoe, is placed a magnetized 
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needle whose deflections are repeated by an indicating needle mounted 
parallel to it on the same axis. The signs in Henley’s telegraph are 
similar to those of Morse’s as described farther on. 

Foy and Brdgnet have invented a needle telegraph, reproducing 
the si gnals of Chappe’s air telegraph. This system has been worked 
since 1845 between Paris and Bouen (145 kilometres), and hks given, 
as it appears, excellent results. like Wheatstone’s two needle tele- 
graph it required two lines of wire — but the inventors have constructed 
apparatus with a single needle only which require but one line and 
still give fix>m 100 to 120 signals a minute. 
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Figure 356 represents the indicator, which consists of two sym- 
metrical and independent apparatus, each corresponding to one of the 
indicating needles. These needles, half black and half white, can 
take eight positions about their centres, two horizontal, two vertical, 
and four at angles of 45® with each of the others, which gives 64 dis- 
posable signals. The mechanism of the indicator has much analogy 
wdth that of Br^guet’s dial telegraph which we shall presently describe 

in detail. By turning the handle 
M of the manipulator, which is 
in duplicate, and giving to it 
one of the eight positions corre- 
sponding to the eight notches of 
a fixed wheel, another wheel is 
made to move which is mounted 
on the axis of the handle, on the 
plane of which is traced a hollow 
sinuous furrow. The spring B c 
then takes either the position 
seen in the figure, and then the 
piece I touches the metallic piece 
V, or a position nearer the centre, 

I in this case goes over and touches 
the piece v' on the left. The two 
pieces v and v' are insulated by a 
piece of ivory from the metallic 
part of the manipulator, in which end respectively the wires of the 
battery, the line, and the indicator. There is thus sometimes a 
passage, sometimes an interruption of the current, which produces 
in the indicator the corresponding movements of the indicating 
needle. 

The above is the vocabulary adopted for the French needle tele- 
graph. The horizontal mark is common to all the signals and 
requires no operation. Seven letters. A, B, c, E, F, G, w, only require 
the action of the left hand manipulator, six letters, H, i, K, M, N, o, 
only that of the right hand manipulator. The thirteen other signs 
require the simultaneous movement of the two manipulators and the 
two apparatus. This system has been for a long time employed by 
the authorities of the French telegraphic lines. 


A 

N "“I 

B 1= 

0 '==f 

C /=* 

P 

D ^ 

0 - 

E 

R /=^ 

F »= 

S F=\ 

G ^ 

7 

H 

U 

I =1 

V ^ 

J f=* 

v ^ 

K 

X ^ 

L /=v 

Y ^ 

M 

Z F=\ 


ho ^ — \ ot ftbiiUi} of Foy and Breguei • 
needle telegraph 
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§ IV. — Dial Telegraphs. 

The dial telegraph is chiefly employed for the railway service and 
for private telegraph wires between offices and manufactories. The 
chief reason for this preference consists in tlie facility with which 
the apparatus is worked, as it allows any telegraphic operator after a 
very short apprenticeship to send a message and to read the signals 
received. 

It is to Wheatstone that we owe the invention of the first tele- 
graph of this kind. The first attempts vith it were made in France 
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in June 1844, on the railway from Paris to Versailles. Since then a 
great numl)er of analogous systems have been tried and adopted on 
the different telegraphic lines in different countries. We will mention 
a few of the most remarkable, indicating the differences in their 
principle or mechanism, confining ourselves just now to the description 
of the system, which of all the dial telegraphs is in commonest use 
on the railways of France— that of M. Br4guet, derived from 
Wheatstone’s. 
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Figures 359 and 360 represent the manipulator. 

It is a brass dial supported by three metal columns on a horizontal 
wooden base. Two concentric zones of the surface, divided each into 
twenty-six sectors are marked — one with twenty-five letters of the 
alphabet (French) and a cross, and the other with the successive 
numbers from 1 to 10, with a series of signs or special signals. These 
signs were placed in the original instrument by the numbers 10 — 25 
(Fig. 360). On an axis which passes through the centre of the dial a 
handle is attached which can be moved in the direction of the hands 
of a \vatch and stop against any of the letters or figures; for this 
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purpose tbe handle carries a tooth which catches in one of the notches 
cut in the circumference of the dial at the middle of each of the 
twenty-six sectors. 

The movement of the handle involves that of its axis, and of a 
movable wheel in which is sunk a sinuous groove, seen where part 
of the dial is supposed to be removed in the figure. The sinuosities 
of this furrow are as numerous as the sectors, that is, there are thirteen 
concave and thirteen convex arcs, all corresponding to the letters or the 
numbers. A bmit lever, r, jointed at a (Fig. 360), carries a little rod 
upon which runs a little roller of tempered steel. The motion of the 
wheel is thus communicated to the roller in the concave part of the 
groove, so that the end of the lever is sometimes carried nearer and 
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sometimes further from the centre, performing in this way as many 
oscillations as the handle p6U3ses over successive divisions on the 
dial. 

We now see how the motion given to the handle of the manipu- 
lator produces a series of completions and interruptions of the current 
in the line wire. We must next describe the different pieces of the 
manipulator and the communications they make between the batteries, 
the line wires, and the apparatus themselves. 

The wire which comes from the positive pole of the battery reaches 
the end R, w^hich is connected by a metal band to the screw r. Oppo- 
site the point of this screw is tliat of another, q, which is connected 
in the same w^ay with the end r' to which is attached the wire 
of the indicator. Between the points of these screws the oscillation 
of the branch of the lever T takes place, which touches first one and 
then the other. Suppose the manipulator at rest, or the handle at the 
cross, which is the position indicated in Fig. 300. In this case, the 
current does not pass, for the circuit is not closed, and the same is the 
case whenever the lever has the same position, that is to say each time 
that the handle passes over an even division, as b, d, f, or the figures 
2, 4, 6. If, on the contrary, the needle in moving passes over to an 
odd division, or stops there, the current enters by the lever T to the 
movable wheel of the manipulator. It remains to shew how it is sent 
through one or other of the line wires, to the right or the left of tlie 
station. It is in L and l' that these wires end. The two metal tongues 
L and if are in permanent connection with two spring commu- 
tators r r ', which may be turned by means of a handle, and whose 
springs connect them at will either with the tongues sm hfm or with 
ends of the metal band CD. 

If it is required to communicate with the telegraphic station to 
the left, the spring of the commutator r must be placed upon m; to 
correspond with the right, the spring r' must be placed on m. The 
two pieces m and m' are in metallic connection with the movable 
wheel of the manipulator. Then if a current from the battery arrives 
in this wheel it passes through m, the spring r, the attachment L and the 
wire to the left as stated The current sent along the line airives at 
the indicator of the receiving station, then through the earth wire of 
that station, and returns by the earth itself to the negative pole of the 
sending station. The same process takes place in the line to the right 
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if it is the right hand commutator whose spring has been placed 
on the tongue m\ 

To sum up, if a motion of rotation is given to the handle of the 
manipulator, so as to make it perform a complete revolution, there will 
have been thirteen passages of the current through the line wire, and 
thirteen alternate interruptions of it. Suppose we wish to send the 
word ** Paris,” that is to employ the five letters P, A, R, i, s. After a 
V ariiing — to the description of which we will return — the sender turns 
the handle from the cross to the letter p and leaves it for an instant in 
the corresponding notch, and then continues the turning round to the 
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cross. He stops at the letter A, and then passes to the letters R, l, s, 
in the same manner. 

Each time, that is for each turn, the number of sendings and 
interruptions of the current is twenty-six, but there is a moment of 
stoppage, corresponding to the moment when the handle stops at the 
letter to be sent. These sendings and interruptions and stoppages are 
reproduced in the same order at the receiving station, and it remains 
to shew how they ai'e indicated in the receiving apparatus of that 
station, by making a needle move over the dial of that apptoitus, and 
reproduce identically the motions of the handle. 
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We will describe the indicator first. 

Fig. 361 represents the outside appearance. It is a box provided 
with a dial, having the same divisions as the dial of the manipulator. 
In the interior some clockwork is fixed, whose escapement wheel and 
the needle of the dial are on the same axis, so that each time a tooth 
of that wheel passes, the needle moves over one division. The 
current sent through the line by the manipulator of the sending 
station arrives at one of the binding screws, seen at the base of the 
indicator, passes along the wire of the bobbins of an electro-magnet 
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placed in the inside and base of the indicator, acts on a peculiar 
mechanism vre will presently describe, and passes to the earth through 
the other binding screw. We have to show further w^hat is the 
method of the current’s and the electro-magnet’s action on the escape- 
ment wheel, in order to complete the explanation of the way in which 
the signals, letters, or figures sent, are reproduced on the dial by 
means of the needles, this is rendered easy by the study of Figs. 362 
and 363, which represent the special mechanism of the receiving 

o 0 2 
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apparatus. At the base ^of the apparatus, resting on the stand, is 
seen the electro-magnet, through the bobbins of which the cun*ent 
sent through the line by the receiving station circulates. In front of 
its poles is an armature of soft iron M, Fig. 363, carried by two screws, 
between which it can oscillate about its horizontal bearings at the top. 
When the current passes, it is attracted by the poles, then excited, of 
the electro-magnet, and rests against them. When the current is in- 
terrupted it leaves the poles by an opposite motion towards the front 
of the indicator where the dial is fixed. This reciprocating motion of 
the armature M is communicated by a special mechanism to the 
indicating needle. It carries for this purpose a vertical rod L, which 
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oscillates like the armature, but in. an opposite direction. This rod, 
limited in its motions by two screws, carries at its end a pin « 
which works in a fork /, so that the latter oscillates sometimes 
forward, sometimes backward, and communicates its own oscillations 
to a shaft (A, and so to the pallet^', whose special purpose is to 
let go or stop the teeth of the escapemcnt-wheel B. 

Suppose the indicator at rest, the indicating needle being on the 
cross, the pellet p' is stopped against the tooth 1 of the wheel, and the 
wheel is immovable. When an emission of the current takes place — 
that is to say, when the needle of the manipulator advances from the 
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cross to the letter A — the Current passes along the line, enters the 
indicator and the electro-magnet, which draws into contact the 
armature M. The motion of the latter causes the rotation in the 
opposite direction of the shaft ah of the pallet p. which lets the tooth 1 
escape, and the tooth 2 comes to a stop against the pallet p when the 
wheel has been made to move by the escapement-motion having 
turned it. The indicating needle has then advanced through one 
division and stops at a. 

When the current ceases the armature returns to its first position 
under the action of the spring r, the ])allet p lets tooth 2 escape, the 
wheel moves again, and the pallet stops in its turn at the tooth 2 ; 
the needle has turned through another division; a very simple 
arrangement allows the needle to be returned to the cross without 
sending a current (which is sometimes necessary). By means of the 
rod A, seen on the right, the shaft which carries the pallets, and the 
pallets themselves, can be lowered ; these no longer catch against the 
teeth of the escapement-wheel, and the wheel moves until a i oiler F 
encounters a stoppage suitably placed, which corresponds to the 
position at which the needle is at the cross. 

The little dial seen on the left hand at the top of the indicator, 
serves to regulate the spring ?*. If this spring were not suitably fixed, 
the magnitude of the oscillations of the anuature might be too great 
or too little ; in the first case the pallets would be liable to go out of 
the plane of the escapement- wheel, and the wheel would move 
witliout interruption ; in the second case the pallets could not disen- 
gage the teeth, and there \\ould be no escape: the indicator would not 
work. It remains to show how the apparatus at a station are arranged, 
and we will take for example an intermediate station which can corre- 
spond along the line with two neighbouring stations, one situated at 
the right, the other to the left of the first. 

Take the station at Sevres, on the telegraph line between Paris and 
Versailles. Fig. 364 represents the manipulating and receiving 
apparatus. The manipulator is fixed on a table, and on either side 
are seen the galvanometers which give notice of the transmission of 
currents over each wire of the line. Above on the same horizontal 
table are placed the indicator, and on each side the alarum which gives 
notice of the sending off a message, whether to the side of Paris or to 
that of Vemailles. We shall see in a minute how these alarums act. 
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Let us examine the different cases that may present themselves, and 
see how the post office clerk will act under these circumstances. The 
apparatus being at rest, the tongues of the commutators are upon 
s and s', (see Fig 360), to which are joined the wires of the two alarums. 
If the clerk at Paris wishes to send a message to Sevres he makes the 
handle of the manipulator pass over an entire circle ; the current thus 
sent into the line enters the station at Sevres by the right hand wire, 
deflects the needle of the galvanometer, and acts on the mechanism of 
the right alarum. Warned by the noise, the clerk puts the commutator 
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to the right on mf, and then, making the handle of his manipulator 
describe a whole circle, a similar motion of the indicating needle is 
caused at Paris, and in this way he announces that he is ready to 
receive the message. The message sent and understood, the clerk at 
Sdvres sends in his turn the two letters c o (compi'is). 

To send numbers, the letter c twice repeated is sent first 

'What we have just said will enable the reader to understand the 
]dan vhich the clerk at Sdvres must follow if he wishes to send a 
message to Paris. The explanation is entirely the same, except the 
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order ; the whole takes place on the other side if the correspondence 
is to be between Sevres and Versailles. 

Suppose now the stations at Paris and Versailles wish to corre- 
spond directly. The sending station sends to Sevres the name of the 
station to which the message is to go, and allows the necessary number 
of minutes to elapse. The clerk at Sevres replies CO {compris), and 
then he puts the commutators on the bar for direct communication, 
CD. All correspondence is stopped for this station during the whole 
time the message is passing, a time which the motion of the galvano- 
meters suffice to indicate. The message passed, the clerk replaces 
the commutators on the contacts of the alarums. 


g V. — Dial Tllegraphs (continued). 

There are several systems of dial or letter-showing telegraphs, but 
practically they are reduced to two, namely the Siemens and Halske 
system and the Wheatstone system. These two systems are based 
upon the successive step by step development of the telegraph over a 
series of years. Two of the more important of the early step by step 
letter-showing telegraphs, those of Wheatstone in 1840 and Xott and 
Gamble in 1846, are figured below. In Wheatstone’s, the successive 
letters forming the word appeared at the distant station at an opening 
in the dial plate; the communicator dial of the instrument is furnished 
with on alphabet, and the rotation of this dial biinging the required 
letter to the zero, sends into the circuit the necessary succession of 
make and break ” currents to cause a similar step by step rotation 
of the distant indicating dial, by which means the required letter is 
brought to view. 

In Nott and Gamble’s dial telegraph. Fig. 366, the respective letters 
or numerals were indicated by the step by step motion of a revolving 
pointer, the necessary letter being indicated and controlled by succes- 
sive ** make and break ” contacts with a batteiy by means of a finger 
key and mercury cell h. Two electro-magnets a and d, acting upon 
soft iron armatures in connection wdtha Claw’ker” and driver motion, 
rotated the toothed wheel c and external pointer. The electro-magnet 
b controlled the alarum or call signal. 

The Siemens and Halske letter-showing telegraph, Fig. 367, is chiefly 
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in use upon the continental lines of ^ailwa 3 ^ The motor of the apparatus 
consists of a battery of permanent magnets, about the poles of which 
turns a cylinder of soft iron covered in the direction of its axis with 
an isolated iron wire, forming a magnetizing coil. The rotation of this 
cylinder on its axis develops induced currents alternately in opposite 
(lii-ections. These currents thrown into the line one after the other, act 
upon the electro-magnet of tlie indicator and make its armature oscillate, 
which in turn acts on the escapement wheel carrying the indicating 
needle. Fig. 307 represents the exterior of the complete instniment 
which is, as w’e see, very simple. A is a drum or cylindrical box con- 



Fii, 0^1 ~ Wlitathluiie'n iettfi ubimiMg dial 


tabling the transmitter or manipulator, b is the indicator, M o is the 
handle wliich the sender turns and stops successively at the letters of 
a dial according to the tenor of the message. The needle of the dial 
of the indicator b follows all the movements of the handle of the 
manipulator. 

We will briefly indicate what are the principal arrangements of 
the mechanism of each part of the apparatus by means of Fig. 368. 

A is the metal disc which has the dial; twenty-six teeth on the cir> 
ciimference correspond to twenty-six divisions, and serve as stopping 
places for the handle. On the axis 0 u' is fixed a toothed wheel kr, 
which works into the pinion li. When the wheel turns through ^ of 
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the circumference, that is to say when the handle passes from one 
letter to another, the pinion makes half a revolution, and also the 
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cylinder cc. On the iron column bb are fixed by similar poles the 
permanent magnets aaa ranged in two series, one presenting to the 
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cylinder c the north-seeking pole on one side of the cylinder, and the 
other series the south-seeking pole on the other side ; and it is by 
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turning on itself and presenting alternately first one and then the other 
side, separated by the coil, to the poles of the magnets a, that the 
induced currents are developed which are successively thrown into the 
line. For each revolution of the cylinder c two currents are produced 
in opposite directions. It remains to show how these currents produce 
in the indicator corresponding motions of the indicating needle, and 
this may be easily understood from Fig. 369. 

It represents the receiving mechanism placed below the dial plate 
of the indicator, m and m' are the two coils of the electro-magnet 
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which is excited by the currents in opposite directions sent along the 
line ; P and v' are the two poles of that electro-magnet Between 
these poles passes the branch of a fork of soft iron <M', which is 
constantly polarized by contact with the poles of the permanent magnet 
aa' It follows that, according to the direction of the current sent, 
the branch a is sometimes attracted by the pole P and repelled by p', 
and sometimes attracted by p' and repelled by P. These oscillations, 
twenty-six in number, when the handle of the manipulator makes a 
complete revolution, allow at each movement the escape of one of 
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the twenty-six teeth of the wheel b, and consequently the advance by 
one division of the dial needle, which is mounted on the same axis as 
the wheel. 

In Froment’s dial telegraph, Fig. 370, the indicator differs in no 
respect from that of Br^guet's. But the manipulator is distinguished 
by a particular method of transmitting and interrupting the currents. 
In this instrument an undulating groove determines by its rotation 
the oscillations of the lever A, one of whose branches works in it 
It is easily understood then, without further detail, how the other 
branch of the oscillating lever serves to commence and interrupt the 
successive currents. What requires explanation is the manner in 
vhich M. Froment has arranged this transmission of motion so that 
the number of current emissions may be that which corresponds to the 
position of each signal on the dial 



liu 3t>V — liiUicutui uf bieuiLUt aud Ualttkea telegraph 


A clockwork arrangement moves the wheel B. But for this move- 
ment to take place the tooth on the circumference of that wheel must 
be disengaged from the catch e by which it is held in place. This 
disengi^ement is accomplished by the action of a key-board, each of 
whose keys corresponds to a letter or a number. By depressing one 
of these keys the catch is moved by a bar which raises it, and the 
rotation of the wheel commences under the influence of the clock- 
work ■with a velocity of two or three turns a second. Below the key- 
board is a metal axle, or cylinder d e, which turns with tlie wheel B, 
and on the same axi& This axis has as many pegs as there are keys, 
forming two series arranged in spirals ; each peg corresponds to one of 
the keys, and its angular position on the cylinder depends on the 
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order of the corresponding letter on the diaL Underneath each key 
is a tooth, which \shen the key is pressed down juts against a corre- 
sponding peg as soon as the angle of rotation corresponding to the 
latter is described. At this moment the motion stops, and the number 
of transmissions and interruptions of the curi*ent effected is, as we 
have seen, dependent on the order of tlie key or the letter. The needle 
of the indicator has then passed over the same number of divisions, 
and is then stopped at the letter sent. The key being let go the catch 
e is lowered — the tooth of the wheel B is held again until another key 
being pressed down disengages it, and starts a fresh rotation and fresh 
sto})page 
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Abo\e the key-board is a dial whose needle moves with the trans- 
mitter and serves as a clierk to the clerk who sends off a message. 

M Froinent has constructed apparatus on this system which work 
Aiithout clockwork movement. Those which possess this mechanism 
lor motion are constructed for working long lines. But all of them 
according to the unanimous testimony of competent judges, work 
with surprising precision. Whatever may be the movements, says 
M. Du Montcel, which are executed on the key-board, in whatever way 
the keys are piessed down, as soon as the finger rests on one of them 
the corresponding letter appears on the dial. 
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§ VI.— Wheatstone’s Magneto-Alphabetical Telegraph. 

One of the most perfect forms of the step by step letter-showing 
telegraph is Wheatstone’s magneto- A. B.C. instrument, which has since 
1860 come into general use for short private wire telegraphs between 
ofiices and works. The apparatus consists of three distinct parts, the 
“ communicator ” for sending the message ; the “ indicator ” for re- 
ceiving the message, and the “ alarum ” for calling attention. 

The “communicator” consists of a powerful horse-shoe magnet, 
with four coils of insulated wire wound round soft iron cores attached 
to the poles. A soft iron armature is made to revolve rai)idly in front 
of the soft iron cores of the coils by means of a handle and multiplying 
wheels, so that by the successive " make and break ” of the revolving 
armature before the poles of the magnet, currents of magneto-electricity 
in alternate directions are rapidly generated, and in readiness to be 
passed into the line wire in any consecutive number of alternating 
currents which may be necessary to indicate a signal. Over the magnet 
is a fixed dial furnished with the letters of the alphabet, and other 
signs arranged round in equal spacing. Finger buttons attached to 
lever-keys are placed round the dial, each button being opposite to, 
and corresponding to a letter or sign ; by a simple mechanical 
contrivance, a circular slack chain is placed in connection with the 
levers of the buttons, so that when any key is depressed by the finger 
it draws up the slack and remains down — ^while the rest of the chain 
being tightened elevates the lever of the previously depressed button. 
If no key is depressed down, the alternate currents developed by the 
rapid “ make and break ” of the revolving armature before the poles 
of the magnet, will pass continuously into the line wire, but if a 
button key be depressed, the end of the key-lever will be thrown 
forward, and arrest the revolution of a rotating arm set in motion by 
the gearing of the armature, and the flow of the sdtemating currents 
into the line wire will be cut off. Thus by the successive depression 
of the necessary buttons by the finger, each button as depressed raising 
the one previously depressed and releasing the rotating arm, alternating 
currents flow into the line until the arm is again arrested by a de- 
pressed button, and the number of these alternating currents corresponds 
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automatically with the number of letters or signals between the signal 
button releasing the arm and the signal button at which the arm is 
once moi*e arrested. If therefore the index-pointer of the communi- 
cator is at zero on the dial, and the next finger button opposite A is 
depressed, one current passes into the line, and A will be shown on 
the distant dial : the button opposite the letter N being now depressed 
the A button rises up and liberates the revolving contact arm, and 13 
alternating currents pass into the line, the arm cutting off the currents 
again by contact with the lever of the N button : the D button being 
now depressed the arm is again at liberty to rotate, and 17 alternating 
cun'ents are passed into the line before its motion is arrested at d ; 
thus the pointer on the dial of the indicator of the distant instrument 
which also stood at zero, will have advanced one space, showing a, 
then step by step 13 spaces, stopping at N, and again 17 spaces to D, 
indicating the word “ and.” The " indicator” consists of a delicately 
poised magnetic bar armature which is caused to oscillate between the 
poles of four magneto-electric coils by the alternating currents passed 
through the coils from the communicator ; the axis of this armature 
carries a lever and very delicate escapement wheel, to the axis of 
which is attached a pointer which rotates over an external dial 
corresponding with the dial of the communicator, as this escapement 
wheel oscillates between two fixed stops, it is impelled forward in one 
direction step by step, and two hair-spring detents at each movement 
lock the wheel, securing a dead beat motion to the index- hand over 
the dial, thus the alternating currents passed from the communicator 
are reciprocated in the oscillations of the armature and escapement 
arrangement of the “ indicator,” the index pointer of which is arrested 
at the particular letter w’hich the depressed button of the communicator 
at the distant station represents. 

The ” alarm ” in its mechanism is a modification of the oscillating 
magnetic armature and electro-magnetic coil arrangement of the 
indicator, releasing a detent, and clockwork causing a hammer to 
strike a belL 
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CHAPTER IV. 


ELECTKIC TELEGRAPHY { continued ). 

§ I. — Writing Telegraphs. — The Morse and Morse-Digney 

Telegraph. 

The needle and dial telegraphs just described form a pretty numerous 
system, each of which has its own advantages and drawbacks. In 
the first, which are very simple in construction, a feeble current is 
sufficient, but they are very susceptible of disturbance. The second 
class, the mechanism of which is far more complicated, have the ad- 
vantage of being easily worked after only a short apprenticeship. 
Both of them, however, are subject to a grave defect, they leave no 
trace of the message sent to control its correctness, in case of a false 
interpretation, interruption or fraud. 

The Morse telegraph which dates from 1838 is the type of the 
writing telegraphs. The universality of its adoption on the great 
majority of telegraphic lines is justified by the simplicity of its 
mechanism and the certainty of its indications. We will first describe 
the Morse apparatus itself, and will then indicate the modifications 
it has received — to the notable improvement of the signals. 

The manipulator is represented in Figs. 371 and 372. It is 
composed o^f a wooden base on which are fixed two binding screws, 
h and d, and in the middle a short forked column, between the 
branches of which a lever A can oscillate in a vertical plane. To the 
screw d is attached the wire P which comes from the positive pole of 
the battery; b communicates with the wire B w’hich ends in the 
indicator and the column in the middle receives the Kne wire L. The 
lever A is provided, at each of its extremities, with two screws a and 
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e each of wliich may be i)ut in contact with the corresponding screw 
h and d below it. 

In the position of rest, or while waiting, the spring f keeps the 
screw c out of contact with d, and then'the screw a touches h This 
is the position for receiving, for as soon as a current thrown into the 
line readies the station it passes from L into the lever of the manipu- 
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lator and by a and h into the indicator If on the contrary, a message 
is to he despatched, that is, a series of discontinuous currents, the 
clerk has only to press upon the wooden handle K of the lever, so as 
to overcome its resistance — ^to separate a from contact with h, and to 
bring c on the contrary in contact with d. As soon as this last contact 
is made a current passes from P into the manipulator and from thence 



into the line wire L. The current sent is interrupted when the contact 
ceases. Nothing is more simple, as we see, than the Morse manipu- 
lator of which Figs. 871 and 372 represent two patterns. 

The indicator is not much more complicated. It consists of an 
electro-magnet whose magnetising coil forms on one side a continua- 
tion of the line-wire, and on the other passes to earth. • The series of 
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currents thrown into the line hy tlie sender, magnetizes and demag- 
netizes the soft iron of the electro-magnet in the same order, and with 
the same alternations and for the same duration as the signals of the 
manipulator. The soft iron armature of the indicator in the form of a 
lever, is attracted and then drawn back into its position by an opposing 
spring or repelled wlien the current ceases This lever oscillates 
about a horizontal axis and is limited in its oscillations by two screws 
The end of it away from the poles of the electro-magnet carries a 
point which ])resses against a band of paper, and leaves there a 
discontinuous mark whose length is proportional to the duration of 
the current. The intervals between these marks are on the contrarv 
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so much the longer, as the continued interruption oi the current is 
greater. A clockwork arrangement, which can be put in motion at 
pleasure by means of a catch, continuously unrolls some paper that is 
rolled upon a cylinder, and rolls it on to two other cylinders as soon as 
the style has described upon it the series of marks which constitute 
the message. 

At first, the lever of the indicator was provided with a pencil, 
the point of which traced the marks on the paper, but the point soon 
wore down and for that reason the inventor has substituted for the 
mark of a lead pencil the scratching produced by a metallic point. 
But in truth this latter method requires a force that the current of the 
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line-wire is geneiiilly too weak to produce— hence the necessity 
of eniplo} ing at the receiving station a local battery and a relay. 

A nlay is a supjdenientary apparatus for strengthening the current 
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in IIk" hne-wire, when it is sutticient to transmit signals, but not 
sutheient to produce the permanent mark on the paper. We can 
see what part a relay jierforms by following in Fig. 375 the course 
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taken by the current which reaches the receiving station from the 
line- wire. Tliis current which enters the manipulator at c, enters the 
relay b' at and passes to an electro-magnet which is polarized by 
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its action. The armature, or light lever, is attracted and conjes in con- 
tact with the left hand screw, giving passage to the current which 
passes on to the bobbin of the indicator, at the same time closing the 
circuit in the local battery The action of this latter battery is thus 
added to that of the line-current in moving the writing lever of the 
indicator R. When the line-current is interrupted, the polarization of 
the electro-magnet of the relay ceases, tlie armature is brought into 
contact with the right hand screw, and the circuit of the local batteiy 
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is left open at the same time that the indicator ceases to receive any 
Hue-current. 

There are different systems of relays; the one represented in Fig. 
375 and separately in Fig. 374 is due to M. Froment. 

The indicator of the Morse telegraph, as worked on the telegraphic 
lines of England and France, at least, has been modified and im- 
proved by Mr. Digney, by substituting for scratches, marks made with 
ink which require less force in making. For this reason the Morse- 
Digney system requires no relays for working. Figs 376 and 377 

? p 2 
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give its geneial arrangement as well as the essential details. We 
will follow the details of Fig. 376 

K is a long roll which fiiinishes the band of paper destined 
to receive the message — and which is turned by the clockwork of the 
indicator. The same clockwork turns the cylinder H against the ink 
pad L which is charged with thickened ink. bb' is the lever which 
is set in action by the passage of the current and whose point I 
presses the paper against the inked cj Under. The dot or dash 
which in the oidinary Morse system was marked on the paper itself 
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IS now simply traced witli ink , it leaves a more visible impression, 
while it refiuires, as we have said, less force to produce it 

The Digney apparatus can do without relays if the line is of no 
great length. Wlien, however, the line is long, they may be used, as 
also for sounding the alarum, an instrument which is common, as may 
be easily supi^sed, to all telegrajdiic systems Fig. 377 represents 
the interior of a telegraphic station on the Morse-Digney system. To 
the right is seen the manipulator, which communicates with the 
galvanometer and the lightning conductor. In the centre is' the 
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indicator, wliose clockwork motion is provided with a key for winding 
up, to the left at the back is the alarum. 

We have already said that the Morse system is adopted on a great 
number of telegraphic lines in Europe, and is in general use through- 
out America. By virtue of a generally adopted convention the 
vocabulary of this system for letters, tiirures, stops, and special signals, 
is that shown in Fig. 879. In Fig 878 is reproduced the facsimile 
of a message and its translation into the ordinary alphabet. 

An automatic form of Morse transmitter has recently been intro- 
duced by Messrs. Siemens, which unites the two tunctions of 
composing and transmitting messages automatically by means of a 
single apparatus Tlie sending of a message is caused by pressing 
down finger keys each of which corresponds to a letter, and the 
message is received in the Morse character, tlie difierence of the length 
of these signs being indejiendent of the time the finger keys are 
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pressed down. The transmitting speed of the instrument depends 
upon the rapidity with which the finger keys are depressed; the 
apparatus is capable of transmitting 00 messages an hour of 33 words 
each. In construction the instrament consists of a cylinder wheel 
the periphery of which is fitted with sliding pins placed close to eacli 
other and parallel to the axis of the cylinder; these pins when pushed 
at one end by means of a lever attached to the finger key aredeplaced 
ill the direction of the axis, and groujis of deplaced pins in certain 
combinations constitute the various types for the automatic ti-aiismissioii 
of the signals, three deplaced pins in close succession represent a rfi/sA, 
and a single deplaced pin between two in tlieir normal position a dot, 
while one or more not de aced signify an interval of more or less 
length. 

Thus upon pressing down a finger key a groii[) of pins is deplaced 
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MARKS OF rrXfTl’ATIOX, AND OTHER SIGNALS. 

begin ... . — 

understood . . . ^ . 
mistake ... ........ 

finis ... . _ . ^ 

wait ... . _ . . . 

! telegraph ......... 

I received... . . 
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from their normal position upon the circumference of the cylinder 
corresponding to the particular letter of the alphabet represented by 
the depressed key. The cylinder, upon the depression of each key, 
rotates to an extent corresponding to the length of the signal given, 
and the deplaced pins in their protruding position are* carried round 
with the cylinder, causing contacts to be made by which the necessary 
succession of currents to form the signal are passed into the 
line-wire. 


§ II. — rKiNTiN(; Tele(;kapiis. — H iKiHEs’s System. 

The various telegraphic systems we liave hitherto studied, in s[)ite 
of their different constructions and methods, liave all employed in 
producing signals a common principle which we can enunciate as 
follows: — the sending by a dispatching office of a determinate series 
of currents and of interruptions of currents, which produce at the 
receiving station a series of movements constituting the preconcerted 
signals. 

The movements of the manipulator and indicator may be tlie same 
or not, but it is essential that there sliould be a relation between 
them, if not of absolute simultaneousness, at least of syncbronism 
so that there should be a perfect identity between the signal sent 
and that reproduced. This last condition, the synch runism of the 
movements of the manipulator and indicator, is (piite indispensable 
also in the Hughes printing telegraph which we are now about to 
describe. 

The idea of getting the message i)rinted is not new. From the 
origin of the invention of the electric telegraph (1841) Wlieatstone 
patented a system of printing in ordinary letters on a band of paper, 
the words of a message. Afterwards several inventors have followed 
the same idea and have realized it with greater or less success : we 
may mention the systems of Vail, Bain, Brett, Du Montcel, Fieitel, 
Theyler, Dujardin, Thomson, Digney, &c. But the most perfect of 
all these systems which more than all has solved the problem of 
great rapidity of transmission is the printing telegiupli of the 
American professor Hughes. It is a more complicated and expensive 
apparatus than the Morse, more difficult to work and keep in order. 
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retiuiring Letter skilled clerks, but whieJi offers in exchange the very 
important advantage to lines where a telegraphic communication is 
fm^uent, of being able to tmnsmit about three times as fast as the 
Morse. Hughes’s system in fact requires only one transmission of 
tlie current instead of three or four lor each letter and sign. 

Hughes’s system offers tlie peculiarity that when the manipulator 
of a sending station is worked, the indicator of that station works in 
the same manner and at the same time as the indicator of the receiv- 
ing station to which the message is sent, consequently the message is 
printed at the same time at the tw'o stations, so that a double control 
is the lesiilt. If tlien we can give a clear explanation of the manner 
in which thisi printing is aceonipllshed in the sending apparatus wo 
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nee<l do no more than show liow the synchronism of the movements 
at the receiving station is secured by the sending and interruption of 
the successive line currents. 

riate XIX. represents the complete apparatus in which the 
manipulator and indicator are partly combine<l. Powerful clockwork 
put in motion by a M’cight of at least fifty kilogrammes is arranged 
on a table in front of wliich is seen the key board of the manipulator 
composed of twenty-eight keys, of which twenty-six belong to letters, 
figures, or other signs marked on their upper surface, and of the two 
remaining, one is to produce the blanks or intervals between words, 
aiul the other to print when required, the sign, figure or signal which 
each key has marked on it above the alphabetical letter. 
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The clockwork when put in motion turns with dififerent velocities 
three axes or shafts two of which are horizontal and the third vertical. 
The first of these axes is the shaft which carries on the outside 
a wheel T (Figs. 380 and 381) on the circumference of which are 
engraved in relief the letters of the alphabet, and in the intervals the 
figures, stops, or other signals required in the composition of a message. 
Behind the type shaft and on the same axis is the correctmg wheel t', 
whose function is to establish synchronism between the movements, 
in case either of the indicators should gain or lose upon the other. 
Two other toothed wheels transmit the motion to two other axes. 
The second, the printing shaft, or cog shaft, turns with a much greater 
velocity than the type shaft. It carries a series of four cogs, u %v x g 
(Fig. 380), w’hose function we shall come to, one of them being princi- 
pally for pressing the printing roller m against the paper, and the latter 
against the letters of the type shaft inked by the ink pad K. The 
second shaft is divided into two parts joined by a catch so that the part 
whose movement causes the printing does not start till the key of tlie 
manipulator key-board is pressed down, and the current produced, and 
the consequent action of a particular portion of the mechanism affected 
by the passage of the current. 

The third shaft a, which is vertical (Plate XIX.) derives its motion 
fixim the type shaft by a bevel wheel, and in turning it makes a 
chariot revolve on the horizontal disc G, so as to describe a complete 
circumference in the same time that the type wheel makes a complete 
revolution. The disc G is pierced with twenty-eight holes, that is as 
many holes as there are keys on the key-board and letters on the 
circumference of the type * wheel. Now the motion of the different 
parts of the mechanism is so arranged, that at the precise moment when 
the chariot passes over a hole corresponding to a given letter, that 
letter occurs on the type wheel situated at the lowest part, that is 
over against the point of the printing roll which is being pressed against 
it by the action of the printing shaft. But how does the position of 
the chariot, or the pressing down the key determine the action of this 
shaft ? Fig. 381 will help us to explain this. It is a section taken 
through the apparatus in the plane which contains the type shaft 
and the vertical shaft which carries the chariot. 

The vertical shaft is formed of two pieces of metal insulated by a 
cylinder of ivory, and the arm of tliis shaft which constitutes the 
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chanot is also composed of two parts v and v' which are joined by a 
screw V The piece v when the shaft moves round, passes exactly 
above tlie holes m the disc, and so long as it is lowered in the posi- 
tion sho^\n in the figure, the galvanic current reaches the lower part 
of the shaft, and through the screw v^passes away to eaith (See also 
Fig 382 of the receiving station) But vhen a key is pressed down, 
iti) e\tieniity raises a jun g, which in turn raises the ])iece v of the 
chanot and insulates the t\^o parts of the shaft a The current now 
coming from the positive pole of the battery, follows tlie ]»ath 
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indicated l»y tlie arrows (Fig. 382), jiassiiig tliroiigh the ]ioints 
Iona enters the coils of the clectio-inagnet E and thence into the 
line wire L, and so passes on to produce its effect in the apparatus of 
the receiving station. At each pressing down a key a like effect is 
produced, and when it is let go the current is interrupted and the 
effect ceases. So much for sending and interrupting the current. We 
must now examine what is the alternate action of the current in the 
sending and also in the receiving apparatus, the movements of which, as 
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already stated, are absolutely synchronous. The electro-magnet E (Fig. 
382) has a special arrangement. It is foimod of two pieces of soft 
iron about wliich the bobbins are coiled, and which are placed on the 
poles of a permanent magnet. When no current is passing the 
tongue of the lever p is attracted by the armatures of the electro- 
magnet, an^ presses against them ; but as soon as the current passes, 
since it acts in a contrary direction to the permanent magnetism, the 
soft iron is demagnetised, the lever j? yields to the action of a spiing r, 
and leaves the armatures. In this movement, the tongue raises a 
lever I which in turn acts upon the catch of the immovable part of 



the cog shaft and this latter finally participates in the motion of the 
other shafts, till after a complete revolution the catch is disengaged 
and the shaft is stopped. 

Let us see then how this shaft causes the printing of the letter cor- 
responding to the key depressed together w^itli the transmission of 
the current and other effects just described. 

The printing shaft carrits a sharp cog p (Fig. 383) which at each 
rotation conies against the tooth & of a lever ah and raises it ; this 
lever thus forces the printing roll M to come in contact with the band 
of paper against the inked letter of the type-wheel which passes at 
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the same moment. Now this letter, at each passage of the current, is 
precisely the same as that on the key pressed down which raised the 
pin into the hole of the disc D and the piece of the chariot passing 
above. The letter is printed in passing as we may say, as the type- 
wheel moves continuously. The three other cogs of the printing- 
shaft serve as follows : the first in the form of a helix, to depress the 
lever JU, which carries the catch r and moves on the ratchet wheel e 
by one tooth and so the band of paper ; the next cog works in the teeth 
of the correcting wheel, so as to put right the stoppage, losses, or 
gains of that wheel, and to ])reserve the complete accordance between 
the tyjie wheel and the chariot, and the last cog is to adjust the 
apparatus to the starting point, that is, the blank space on the type 
wdieel. 



The way of proceeding for sending off a message is this : the 
clerk at the sending station, to attract the attention of the station on 
the line to which the message is to be sent, raises the break of the 
fly-wheel of the clockwork and sets it in motion, then he depresses 
the white key which moves the alarum in the receiving station. The 
clerk here, on receipt of this warning puts his apparatus in motion, 
and the two clerks tc^ether pressing on the pedal Q regulate their 
apparatus, that is, put their type-wheels to blank ; they then test 
the synchrcmism by repeating a certain number of times the same 
letter, A for example. If the velocity is the same, that letter is always 
repeated again and again, if not, and the letter before or after takes 
its place, it shows one is faster than the other. The regulation is 
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accomplished by means of a conical pendulum regulator or a vibrating 
plate. 

The apparatus being regulated, the sending clerk makes the letters 
composing the message by depressing the keys in succession, and it 
is printed simultaneously at the two stations. 

We see, by this rather long description, though we have omitted 
certain mechanical details, that Hughess printing telegraph is con- 
siderably more complicated than those before described. But this 
complication, necessitated by the many difficulties of the problem to 
be solved, only serves to make the result obtained more admirable, a 
result really marvellous, when it is remembered that the rapidity of 
transmission is three or four times that of Morse’s. While wuth the 
latter twelve to fifteen words on an average can be sent per minute, 
Hughes will print thirty or forty iu the same time. 

Ingenious in mechanism and mechanical detail as the Hughes type 
printer undoubtedly is, in practice it is not found to be reliable in 
a variable climate ; the loss of insulation fiom partial rams and other 
atmospheric changes over a long line, entail such delicate adjustments 
to secure the synchronism of the sending and receiving instruments 
that the loss of time from such adjustments is not compensated 
sufficiently by any mechanical instrumental capabilities, and the 
Hughes printer has more or leas given place to the Wheatstone 
automatic transmitter. 


§ III. — Wheatstone's Automatic High-Speed Printing Telegraph. 

In liis automatic apparatus Wlieatstone lias employed a similar 
principle to that of the Jacquard loom, that is, he w^eaves his 
currents rapidly into the line by the previous preparation of an 
electrical card, having the necessary sequence of currents to form the 
letters and words composing the message in readiness before it is 
placed upon the instrument, by which the time occupied in transmit- 
ting any number of currents and groups of symbols to represent letters 
and words is reduced to a minimum, and the delay and cost incident 
to manual labour in the direct transmission of the message over the 
wire are avoided. One of the chief problems of mechanical telegraphy 
is to obtain the greatest amount of speed out of a wire in a given 
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time, aud tliib speed is regulated by the rapidity Avith which currents 
can be ti*aiisiuitted through tlie wire without eoaleseing or interfering 
with each other. Wheatstone’s automatic telegraph consists of tliree 
parts, one for the preparation of the perforated paper ribbon, by which 
the succession and sequence of the currents representing the message 
are regulated ; another, the “ transmitter,” for passing the currents so 
grouped together into the line wire, and tlie third, the receiver,” the 
apparatus for recording and transforming the currents so passed into 
tlie line into symbols rejiresenting letters, words, and sentences. The 
message to be sent is first punched out in holes representing the dot ” 
and dash ” of the Morse alphabet, on a continuous pajier ribbon by 
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means of an instrument called the “ perforator,” Fig. 384. Each of the 
threefinger-keys on depression perforates certain small round holes in the 
paper ribbon, the right hand key two large holes opposite each other 
with a small hole in the middle, being representative of the “ dot,” 
the left hand key two laige holes alternate over two small centi-e 
holes, being representative of the “ dash the centre key perforates 
a single centre small hole, this centre hole being for the mechanical 
spacing of the holes and groups of symbols ; it is also necessary for 
ensuring the regular motion of the paper ribbon through the 
“ transmitter ” 
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When a message is btiiiig punched, eacli depression of a kcv 
l)esides punching tlie hole, also mechani(*ally moves the nbbou Ibrwdid 

the exact space for receiving the 

next perforation, so that by succes- 
sive depression of tlxe respective 
punclies the holes are cut in the ^ 
paper ribbon in the ne<*essury se- 
quences to represent letters and 
grou])s of letters to form words 
and sentences. The message is "" 

thus written and prejiaied away 
from the wure. The second part, 
or ‘‘ transmitter,’' is the ai)ihiratus 
wdiieh automatically sends into the 
line wile the sequence of curient^, 
as ])rej)ared by the “jKuforutor ” 

The perfonited ril)bon ])a[»ei stiip 
is caused to advance step by stej) 
through the machine by the sue- 
cessive grip of an oscillating craille, 
adjusted so as to advance the pajiei 
at each oscillation a distance e\actl\ 
corresponding to the spacing of the 
holes by the “ perforator,” so that by 
the action of a rising pin, elevated 
and depressed alternately at each ^ 

to-and-fro motion of the rocking- 
fmme, the message ribbon is auto- 
matically and mechanically imjielled 
forw^ard. Two other sining “ con- 
tact” pins representing respectively 
the contact wuth the positive and 
negative ciirients are actuated by ^ 

the same mechanical moNeinent. 

When therefore the peifonilc'd 
paper ribbon is earned automati- 
cally forward step by step in m])id succession by the action of the 
central pin, if a ** current-passing ” lerfunition in the i)a2)er ribbon is 
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in position with either pin at the moment of passing, the respective 
pin will rise thinngh the h(»le and make a metallic eontact with tlie 
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liattery, sending a cun*ent into the line in one or other direction, 
according to the position of the perforation, and tlie rising of the 
respective pin Jf no perforation in the pajier rihhon is in jiosition at 
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the time of the automatic elevation of the respective pins, they fall 
back by the compensating influence of adjusting springs, and a “ mute” 
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movement is made l)y which no current is passed into the line wire. 
At each motion of the rocking cradle, a monientarv contact is inacie 
between the line wire and the earth, so 


that after eacli successive elevation of 
either current-passing pin, the line is dis- 
charged to earth ; thus the line is connected 
for discliaige at regular intervals, irre- 
spective of its charge by the elevation of 
a pin, a current only passing into the line 
by the contact made witli the battery on 
the elevation of either pin. 

This discharge to earth to clear tlie 
line, especially on submarine wires, is 
necessary from the sensible retention in 
the insulated wire of a portion of the 
tmnsmitted curi'ent, which unless drawn 
out would interfere with the integrity of 
the succeeding current, and reduce the 
transmitting speed of the wire. In this 
mechanical arrangement therefore, the 
necessary contacts with the battery and 
the regular discharge of the line are pro- 
duced automatically and mistakes are 
avoided. The “receiver,” or apparatus 
for recording at the distant station the 
rapid sequence of currents passed into 
the line wire upon a paper ribbon in the 
Morse code, will now be described. Fig. 
387 represents the Wheatstone " dot ” 
receiver, in which the lower line of dots 
is read off as “dashes,” and the upper 
line of dots as “ dots.” The paper ribbon 
mechanically advances forward and passes 
under a shallow dish containing the ink ; 
two fine holes are made in the bottom of 




this reservoir in a position to correspond 

with the two lines of dots to be printed upon the paper ribbon as it 
passes underneath the reservoir. 


Q g 2 


Fia 388 Pciforated nbboii and pnnting bj Wheatstone’s “ dot ” automatic system 
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By reason of capillary attraction the ink is prevented from passing 
through those apertures. Two electro-magnetic coils, one on either 
side of the iiik-reservoir, actuate two needles, adjusted so as to be 
depressed by the action of the current, and dipping into the reservoir 
)»ass into the holes and carry a small quantity of ink with them, 
which is transferred to the jmper ; tlius the action of the current 
in depressing either needle is printed as a “dot'" or “dash” ac- 
cording as the respective needle is depressed, without friction or 
mechanical n^sistance. The electro-magnetic coils are so adjusted 
that only the respective needles are acted upon by the currents as 
they flow from tlie ])ositive or negative jxdes of the battery. The 
automatic jn-intiiig in the dot and dash character is shown at Fig. 
o89. Capillary attraction is here again Inade use of, only in a 
diflerent manner. A small inking disc of metal mounted upon a 
delicately jxnsed axle, capable of a slight angular oscillation in 
a latenil direction, according as it is influenced by the to-and-fro 
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motion of a permanent magmatic armature when acted upon by the 
alternate cfinents passed into the line Iroin the “transmitter,” is 
caused to rotate mjiidly by the same mechanical means that ad- 
vances the ]>aper ribbon forward. This little rotating inking disc 
IS jdaced close to the surface of the pa[)er ribbon, so that on 
receiving a lateral motion in one direction, its edge is pressed 
against the ]>aj)er and removed from it by an opposite motion ; in 
its normal position it is free from contact with the paper ribbon. 
Thus dots or dashes are marked on the i)a])er, according to the 
length of time, either momentaiy or of a sensible duration, of 
the inking contact, the reverse movement of the disc producing 
the spacing between the printed maiks ; as the spacings between the 
signals are automatically regular, the “ dash ” is the result of the 
retention of the inking disc upon the paper for double the time ot 
the “ dot,” by reason of the grouping of the perforations to form 
the “ dash ” giving a longer duration without a Reversal of the 
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current being passed into the circuit. The an^angeinent for supplying 
tlie revolving disc with ink is simple. A metal wheel having its edge 
cut into a V shape revolves in a reservoir of ink, and by ca])illnry 
attraction this V groove is kept filled with ink, so that the peripliery 
of the little inking disc, which revolves in this Y groove of ink, is 
kei)t constantly supjdied without friction, and is tlius enabled to 
continuously record the rapid moticni of the ainiature as the currents 
flow into the line from llie transmitting ap]>aratus. 


5} IV. — AiTTo(;inrnic' Tklec.kaphs.- <Hsii.li\ am) ;Mi vim’s Svstlm 

We have seen that the idea of using the electiolytic ])ro])erties ot 
a battery for transmitting signals dates irom the earliest years of this 
century. The* names of ( oxe, Sceminering and Schweigger are connected 
with the fir‘‘'t attem{)ts. The signal'^ U('re made in Scemmering’s 
telegraph by bubbles of liydrogen. In 18'^9 E. l)avy made use of 
(dectro-chemical reactions to print sigmals on a sheet of paper or cloth 
suitably prepared. Twelve years later llaiii constructed a writing 
1elegra])h, based on the property of the galvanic current to d(‘compose 
cyanide of potassium and to jiroduce a coloured compound, Prussian 
blue, which is deposited on the pajier of the indicator every time 
the current passes and as long as it continues. I’he manijiulating 
ap]>aratus as well as the indicator was the same as in Morse’s. 
Pain obtained on the band of ])aper blue points and marks of 
grefiter or less length, whose combination furnished the elements of 
the me«5sage. At first Ifiiin made the metal jien of the indicator 
describe a close set spii-al on a sheet of ordinal y paper, but the 
principle was the same. 

Other electro-chemical tidegraplis have been invented since, but we 
cannot undertake to describe them. We will only consider those 
systems or apparatus which are now known as autographic or pan- 
tclegraplia, and which have received the sanction of jiractical use. 

It is not the object in this new kind of printing telegraphs to 
transmit signals which, like the writing telegmphs, may leave traces of 
the message, or even reproduce it, and print it in alphabetical cha- 
racters. The problem proposed, and solved with marvellous ingenuity, 
is to obtain at the receiving station a faithful reproduction or true 
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facsimile of the written message, or if need be, of drawings, charts, 
plans, or portraits. It is thus a veritable autograph that the receiver 
of the message gets from the sender, so as to have in his hands, if 
required, an authentic document. What could be more extraordinary 
at first starting than the solution of such a problem ^ but we shall 
see that nothing can be easier than to understand the means by which 
tins solution is realised 

Suppose we have fitted in the two stations, the sending and receiv- 
ing, two plates of copper, m k (Fig. 390), communicating with the 
earth at T. On the plate M of the departure station is placed a sheet 
of metallized paper. On this sheet the message is written by the 
sender himself in greasy insulating ink At the other station on the 
]>late R is placed a sheet of paper, previously soaked in yellow ferro- 
cvanide of jmtassmm. Two iron styles, s, s', are connected with the 
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i»att<*ry and tlip line-wire, and move synchronously, describinj' with the 
same velocity very close parallel lines on the two sheets of paper. 
We shall see further on how these styles are moved, and how their 
motion is regulated by pendulums which oscillate simultaneously in 
the two stations, lly another motion the sheets are drawn on in pro- 
jKirtion as the lines alwve mentioned are traced, so that when the 
style s has passed over the entire surface of the plate of the manipu- 
lator on which die message is written, the style s' will have gone over 
in the same time a precisely equal surface of the chemical paper on 
the plate of the receiving station. 

From the system of electric communication shown in the figure 
these results follow: all the time the style s is on the metallic or 
conducting jiart of the message sheet, the current from the battery is 
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thrown into the circuit A B c D, which offers a much more feeble 
resistance than the line-wire, whose length is relatively considerable, 
and the current passes to the ground at the sending station. The 
indicator is not influenced, and receives nothing. 

When, on the contrary, the style of the manipulator touches the 
insulating parts, that is, rests on the marks of the writing or drawing 
of the message, the circuit in a B c d is closed, but it is open in the 
line, and a current is sent into the style s' of the indicator. Under 
the influence of this current the point on the cyaiiurated paper 
through which the current passes on its way to the ground is acted on 
chemically ; a decomposition of the cyanide takes place, with a pro- 
duction of Trussian blue, and its impression on the pajier. This 
iiiijiression is produced eveiy time the style of the manipulator 
encounters the parts marked with insulating ink, and the number of 
marks and their length on each of the lines passed over at the same 
time by the two styles will be identical at tlie receiving and sending 
stations. The message will be identically reproduced on the cyaiiurated 
paper in blue marks. The only difference from the original consists 
in the successive lines not being in absolute contact, and the marks in 
the message reproduced not being therefore rigorously continuous. 
The effect is analogous to that produced by the very fine parallel lines 
with which the engraver in a wood engraving in relief covers all the 
surface left in relief on the wood. Figure 391 gives a very exact idea 
of this difterence, but we see that the general form of the original 
message is not at all altered, and that this telegraph has a good right 
to be called the autographic telegraph. 

The telegraph whose principle we have just described is M. Caselli’s. 
Since there is nothing to prevent the reproduction in this way of all 
sorts of writing, drawings, or any kind of signs, provided they are 
traced on the proper metallic paper, we can understand the reason of 
the name pantelegraph given to the apparatus of this system. 

We may now enter somewhat into detail on the manner in which 
the preceding arrangements are realized, and on the mechanism of 
the indicator and manipulator. 

The motive power in Caselli’s pantelegraph is a pendulum, whose 
metallic rod of two metres length is suspended from a solid iron frame- 
work, the bob being a rectangular mass of soft iron weighing eight 
kilogrammes. In the middle of the rod two cranks are fixed tor 
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tlu* oscillating motion of the pendulum on one side to 
the transinittiiify apparatus, and on the other to the indicator. Since 
these two ap})aratus work sepamtely, one of the cranks is detached 
^^hen tlie other receives its reciprocating motion, and this crank 
moves the style <»n the surface of the transmitter where the message 
is placed, and in the following manner : — 

The crank is itself articulated to the lever that carries the style. 
In the successive oscillations it makes this lever and the tracing -point 
dcMU-ihc a series of circular arcs, parallel to each other and to the 
surface of the cylindrical sheet of metal to whicdi is ai>j)lmd the 
lijetalli/ed paj)er ol‘ the m(»ssage (Fig. When the pendulum 

mak(*s a complete c>scillation, the moving style crosses from left to 



iiudit ami passes over the whole hreadth <»f the uje.ssage. At the 
end of thi.s motion the style comes again.st a stoj)per, and the 
slKM'k turns the rod w hich carries it, so that it is raised and separated 
from the pajuu* throughout tlie wdiole length of the following 
oscillation. The afiparatus thus only works during one-half of the 
motion of the pendulum. The reason of this airangemcnt arises 
from its having been showui by exjwience that the effects produced 
by the oscillations in the opprisite direction are not identical, 
rmt ill order to use these oscillations the transmitting apparatus is 
double, only the mechanism is reversed, and it is the same for the 
iiuticatow. ISie result is that no time is lost, as two messages may 
one lie received and the other sent at the same time. 

An essential condition for the satisfactory working of Caselli's 
paiitcdegraph is that there should be a pcirfect synchronism between 
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the motions of tlie peiifhilnm of the departine and arrival station. 
Not only must tlieir oscillations be isochronous, but they must have 
Jiinplitudes ])erfectly equal, in order that the styles may move at the 
two stations simultaneonslv and have at the same instant the same 
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velocities. This result is obtained by the following arrangement. At 
each extremity oi the arc wliieh is described by the mass of iron of 
the penduhnn-bob is an olectro*.magnet, in the same direction as the 
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arc, and hanng its armatures opposite the mass of iron when it arrives 
at the end of each oscillation to the, right or to the left. At this 
moment a current introduced by a regulating chronometer — seen on 
the left at the top of Fig. 392 — excites the electro-magnet and its 
armature, which attracts the mass of the pendulum, retains it for an 
instant, and consequently draws it out, at each oscillation, to the same 
distance. The interruption of the current is made by the motion of 
the pendulum of the chronometer, which at each double oscillation 
separates a little spring and opens the circuit. The commutator, 
V hose business it is to ojten and close the circuit, also receives its 
motion from a piece stifliy jointed to the rod of the ]>endulum. 
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In this way the regulation of the two pendulums at the departure 
and arrival stations depends on the concordance of the movements of 
the chronometer pendulums that accompany them. These regulating 
chronometers, whose pendulums move with double the velocity of the 
pantelegraph pendulum, are regulated separately as exactly as possible. 

The chemical paper on which the messages are printed must be 
prepared with care and kept tolerably moist. The quality of the 
paper itself is important. The metallized sheets on which the 
messages are written in a particular kind of ink, are made of 
white paper, carefully silvered and pressed, and having wide 
margins. They have three boundaries — one being the line from 
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which the tracer starts, and the other two marking the limits of the 
message. 

Nothing is simpler, now, than the working of the pautelegraph. 
The message, when written, is placed on the surface of the trans- 
mitting cylinder. The clerk makes the warning signals (by alarums 
or otherwise), and then sets the pendulum going. The transmission 
of the message is accomplished automatically, without the clerk 
having any work to do, and consequently without being obliged to 
acquire any special knowledge. Since two dispatches may be sent at 
the same time — and since shorthand may be used — the rapidity 
of transmission may be considerable. ‘"The long pendulums of 
Caselli’s telegraph,** says M. yueV “generally perform about forty 
oscillations a minute, and the styles trace forty broken lines, separated 
fix)m each other by one-third of a millimetre. In one minute the 
extreme lines described by the styles are separated from each other 
by 13 millimetres and in twenty minutes by 260 millimetres. As we 
can give the lines a length of 11 centimetres, it follows that in twenty 
minutes Caselli’s apparatus furnishes the facsimile of the writing, 
portraits, or drawings traced on a metallized plate 1 1 centimetres broad 
by 26 centimetres long. For clearness of reproduction, the original 
writing must be very legible and in large characters.** 

Since 1865 the line from Paris to Lyons and Marseilles has been 
open to the public for the transmission of messages by this truly 
marvellous system. 

A clerk in the French telegraph service — M. Meyer — ^lias invented 
and constructed an autographic telegraph on a different principle 
to the Caselli pantelegraph, but which also works wdth remark- 
able regularity and rapidity, and reproduces the messages sent in 
facsimile. 

The transmitter of Meyer’s pantelegraph (Fig. 392) is a cylinder, 
round which is rolled the message, written in the same way as in 
Caselli’s system. This cylinder receives a uniform motion from 
clockwork, regulated by a vibrating plate. A metallic style, carried 
on a little rail, moves in the direction of the axis of the cylinder, on 
the surface of which it describes a helix or spiral of very low angle. 
It is connected with the battery and the line-wire, and in consequence 
it closes or opens the circuit between the two stations in correspond- 
ence, according as it encounters, on the metallized paper of the 
* Rapport stir lee progres He niertricite et Hu magnethme. 
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iiiessuge, the conduoting or insulating ])arta, tlmt is, according as it 
touches the silver ground of the paper, or tlie inkmarks of the message. 
As far as this goes, except tlie difference in tlie kind of motion, the 
j>riiKiple of tmusmission is the same as in the pantelegraph described 
above. 

The i*eceiving apparatus is composed of a cylinder which has a 
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motion of rotation absolutely identical with that of the transmitting 
cylinder. While one makes a complete turn, the other does also and 
with the same unifonu velocity. Now on the surface of the 
receiving cylinder is a raised helix which passes round the whole length, 
a complete turn of which is precisely equal to the length of the circum- 
ference of the transmitting cylinder. Now consider a sheet of paper 
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placed parallel to the lowest line of the receiving cylinder and a little 
distance below it, and suppose the apparatus at work. Every time 
that the curient passes along the line, that is, as often as the style of 
the transmitter encounters the insulating parts or the lines of the 
message, the paper is raised by the motion of a tongue and is applied 
against the point of the raised helix which hai)pens to be at that 
moment on the lowest line. During the complete turn described 
simultaneously by eacli apparatus, this contact is made and broken as 
often as the tmcing stylo encounters or leaves the marks of tlie 
message. Now the raised helix being constantly damped with thick 
ink from a roller, the result is a series of })oints or black marks on a 
straight line across the breadth of the paper, rei)roducing identically 
the figure of the line encountered by the tracing style in one turn of 
the message. Since the paper moves on the cylinder, so as to advance 
at each turn by a quantity e(jual to the intervals between the s[)iral 
turns of the style, tliere will be at last on the receiving sheet a suc- 
cession of marks which together will give us a facsimile of the 
message 

lake Caselli’s telegraph, Meyei’.s requires a perfect synchronism of 
the movements of the apparatus in the tleparture and ariival stations. 
The whole question is consecjuently to regulate the clockwork Mhich 
moves the apparatus. We percehe that if Caselli’s Hj)paratus is 
combination of Bain’s electro-chemical telegraph with a particular 
mechanism, the synchronism of which is regulated by electricity, 
!Meyer*s apparatus may be considered as a combination of (’a^elli’s 
ttdegra})h with ceitain parts of Morse’s and Hughes’ system. 
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CHArTER V 

TiaE(,KAPinc LINKS 

8 I. — Air Lines. — Subterranean Lines. 

We have hitherto spoken of the apparatus which serve to produce or 
receive the signals. It now remains for us to describe the lines wdiich 
transmit theiD) that is give passage to the electric currents, which are 
the bases of telegraphy. 

An air line of the electric telegi-aph is fonned of metallic wires 
generally supported by wooden poles planted at equal distances along 
the course of the line. At first these vires were of copper of 2 
mm. in diameter. The metal chosen had the advantage of being a 
very good conductor of electricity, but besides its high price, it had 
the disadvantage of losing its elasticity under the influence of changes 
of temperature and of becoming brittle Lopper having been generally 
abandoned, annealed iron has taken its place, which though more 
i*esisting, is less costly, and to which a diameter of 3 or 4 millim. 
is given. On lines of over 200 miles in length, where it is required to 
have as little resistance as possible to the passage of the currents 
iron wires of 6 or mm. diameter are employed—chiefly in England. 

The iron wires of telegraphic lines are galvanized, that is to say 
after being cleaned in acidulated water, are covered with a thin coating 
of zinc ; the latter is oxidized in the air, and preserves the iron from 
rust, and further prevents, by an electrical action, the oxidation of 
those parts which are accidentally uncovered. 

The supporting poles, made of pine, injected with sulphate of 
copper, are insulating when diy ; but to prevent the loss of electricity 
in damp and rainy seasons, the wire is never directly attached to the 
poles, but is insulated by glass, earthenware, or poicelain insulators. 
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further apart in valleys where the wires may sometimes extend to a 
length 4 or 5 times as great from pole to pole. The height of the poles 
is from 6 to 12 yards, but is greater when the line has to clear rivers, 
roads, &c. In towns, the porcelain insulators are placed on wooden 
uprights fixed to the walls of houses or other buildings, and sometimes 
on posts above the ro»)f8 ; but for many years, it has been found 
preferable in carrying wires through crowded cities and thorough- 
fares to replace them by subterranean ones, wliich are also made 
use of in tunnels. 

Each post generally carries several wiros, which are fixed at 
intervals of about to 12 inches, putting them alternately in front 
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and behind, so as to counterbalance the effects of traction, which tend 
to bring down the post. Every now and then along the line (at 
every kilometre in France) are placed stretchers insulated as before 
by being suspended from insulators, a band of iron joining the 
two stretchers conducting the electricity between the two wires 
(Fig. 397). This stretching of the wires is necessary to prevent 
them from touching and entangling. 

In England and Germany other methods of stretching the wires 
are employed, which may be gathered from ligs. 39G and 397 
without further details. 

At the outset of electric telegraphy, the system of suspension of 
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wires in the open air was not trusted to, because it was thought it 
would be subject to too frecpient causes of loss of electricity, and 
would, besides, be liable to wilful damage. In Pmssia particularly 
and in Russia, the wires were buried in the earth at a depth of 50 to 
00 centimetres. But this system of telegraphic lines was found to 
be very expensive. It is only used now, as we have just said, in those 
j»ortions of the lines which pass through the middle of towns or 
through railway tunnels. In these cases the various conductors are 
arninged as follows. 

The wii'es are of copper, each covered with a layer of gutbi-percha, 
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and all l>ound together into a cable, which is itself surrounded wdth 
tarred hemp. This cable is then jdaced in an iron tube, or one of 
creosoted wood or lead, and is buried at a depth of about a yard, on a 
Ijed of sand or sifted earth. Such is the nature of the subterranean 
lines which join the central telegrajdi office at Paris with the 
Observatory, the Luxeinl>ourg, and the stations of Montparnasse, and 
the Lyons and Orleans railways, and connect the Central Telegraph 
Station, London, with the numerous branch offices. AnoUicr system 
consists in the employment of galvanized iron wires, like those of 
the air lines joined in cords of 4, 6, or 10 wires, insulated from 
each other by masses of pitch. The cable thus formed is laid in 
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a mass of pitch poured into the bottom of a trench a little more 
than a yard deep. Such, in Paris, are the lines wliich join the Central 
Telegraph Office with the Tuileries, the I.ouvre, the Hotel de Ville, 
the Bourse, the Pr(5fecture of Police, winch are only jmrtly worked, as 
well as a line of 1,200 metres fixed at Bordeaux. This method has 
given excellent results, but the trenches must be protected from 
the infiltrations of gas, which wdll in time alter the qualities of the 
pitch. 

In tunnels also, the wiies aie placed against the side of the 
arch, and are protected from danip by a layer of gutta-percha, 
which unites them into one cable; but it has beoi found that the 
insulating covering alteis \erv rapidly liom the action of the 
atmosphere. 


§ II. — SUUMAUIKK AKJ» TkANSOCFANH' TiJ.KGKAI^H LiNES. 

Can the transmission of electrical currents and of the signals 
which constitute electric telegmphy, which signals can as we ha\e 
seen be made by means of metallic wires suitably insulated in the 
air and the earth, be effected also in v\ater ? 

This interesting question was answered in the beginning 
of telegraphy. In fact, in 1839, M. O'Shaughnessy joined tele- 
graphically the two sides of the river Hooghly, in India, by an 
insulated wire sunk in the river. The following year Professor 
Wheatstone, whose name is found connected with every progressive 
phase of electric telegraphy, proposed to join Dover and Calais 
by a cable. This project was not realized till 1850. About the 
same time the French engineer Brett, laid a copper wire insulated 
by a coating of gutta-percha between Gris-Nez and Dover. The cable 
was broken,^ but the possibility of telegraphic communication beneath 
the sea was demonstrated, and a fresh cable w. s definitely established 
across the Straits in 1851. Fifteen more years of trials, and of more 
or less fortunate attempts to solve the problem, in its genemlity 

* A few messages (about 400) were sent, but suddenly the wire was silent. A 
fisherman had caught it in his nets, and could not resist cutting a piece off, which 
he brought triumphantly to Boulogne, to show this singular marine production 
with a centre of gold.— W. Huber, The Telegraphic Network of the Globe. 

:t K 2 
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followed. But after this the successful laying and working of the 
immense transatlantic cable in 1857, joining Europe and America, 
between Ireland and Newfoundland, was the starting point of a 
j>rodigious development of the universal telegraphic network. At the 
]>resent time, the globe is traversed not only across the continents, but 
in tlie depths of the sea, by wires which carry everywhere with the 
rai)idity of lightning, the private and public messages of all civilised 
nations, the length of all combined exceeding 380,000 miles. 

AYe may now give some details with respect to the structure of 
tlie ca\>]es, and the mod#of immersion adopted. 
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Tlie coiuluctiiit; wilt* of a submariue cable is covered with several 
envelopes, whose object it is either to insulate it, or to protect it 
a^jainst the chances of destruction. It is either a copper wire of 1 or 
2 mm. diameter, or a cord formeil of seven very fine wires twisted in 
a spiral. This last arrangement is now preferred as more pliant, 
because in case of accident or rupture of these inner wires, if one or 
two of them escape the communication will not be interrupted. 

The point of the highest importance is that the wires should be 
auiTouiHlcdby an insulating covering of gutta-percha; 3 or 4 layers of 
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this substance are generally used, of a total thickness of 3 or 4 
millimetres. The gutta-percha is not only a very good insulator 
but it is almost unalterable in sea-water. At first this was the 
only covering, but it was soon found necessary to protect it from 
damage. Eound the whole is now placed a tliick layer of hemp, 
saturated with Stockholm tar, and outside this again, the layer is 
supported and protected by a series of galvanized iron wires twisted 
in a spiral The following figures, natural size of some of the 
cables now working on different submarine telegraphic lines, will 



Fig 401 — Tiansatlantk cables of the line from Valentia to Nevifoundland (natm \1 m/h) 


show these arrangements. We see that though these specimens 
differ in size, the construction is nearly the same, though in the 
old cables were placed several distinct wires in order to multiply 
the communications. This method has been generally abandoned, 
because of the disadvantages found to be connected with multiple 
wires; they require in fact a considerable volume and weight in the 
cable, w'hich makes the operation of laying it difficult, but more 
particularly the nearness of the wires causes induced currents to be 
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formed, which interferes with tJie transmission. It is, therefoi*e, 
preferred, if the amount of cori’espundence requires it, to lay several 
cables between the extreme stations, and for this further reason, that 
any serious accident Imppening to one of them generally leaves the 
other still available 

On the same line tin* cable differs generally in size according to 





hi, liaiiMitiaittH idbh tmiii llient to St IVtti m, IhmI in JK«17 NettiuiM of natural Mi/e 


the part uf the route it is to lie in. Near the coasts, whei'e the sea is 
shallow and the cable is exposed to accidents arising from the agitation 
of the sea during storms, the size of the cable is greatest The metallic 
element is formed of wires of laige diameter, covered with a siliceous 
compound, fur the purpose of incrensiug its resistance to wearing by 
friction against the rocks. This is the shore end. For medium depths, 
a smaller diameter is adopted, both for the cable as a whole and for 
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the enveloping metal wires. Lastly, for the portion destined to be 
submerged in the open sea, in very deep water, the smallest size is 
adopted (Fig. 402), the cable having no longer to withstand the 
agitations of the surface, and being much more easily laid when of 
less weight. 

This weight is, indeed, something enormous for submaiine lines, 
even if not of great length. The cable from Dover to Calais, laid in 
1851, which is only 41 kilometres long, weighed noveitheless more 
than 180,000 kilogrammes. The first of the transatlantic cables join- 
ing Valeiitia and Brest to Anieiica, weighed 8(5 kilogrammes per 
kilometre, the second 83(). This makes for the total weight 4,*)0() 
tons for the first, and nearly 4,000 tons for the second, comprising 
only the section between Brest and the island of St. IVter. One shij) 
only, the Great Easterv, the colossus of the seas, was capable of 
carrying such a burden. But the disadvantage of such a weight, 
which diminishes certainly by the part of the cable immersed, is 
chiefly felt when it has to be laid in great depths, the portion hanging 
down reaching a depth of 2,500 fathoms. But we aie not about 
to describe here the process of laying a submarine cable over 
so long a distance. We must return to the physical side of the 
(luestion. 

Before it was accomplished, many persons doubted the possibility 
of transmitting submarine signals to great distances, as fiom the 
European continent to America, across the Atlantic. It was not so much 
the distance itself, as v hat might happen to a cable jdunged to enor- 
mous depths in so eminently a conducting medium as st a- water, that 
frightened them. How would the wire conduct itself vhen the electric 
cuiTents were thrown into it? Would its insulation be insufficient? 
Would the force of the current be sufficient to pass through it without 
distuibance from one end of the immense line to the other w ith no 
relay. These fears, which w’ere at first stated but vaguely, seemed 
for a moment justified, when in August, 1857, after a few messages 
had been exchanged between the United States and Ireland, the 
apparatus were seen to give gradually more confused signals, and 
finally to cease working altogether. The cause of the interruption 
remained at first unrecognized. 

It was necessaiy then to learn afresh, or rather to ccmmence 
seriously the experimental and theoretical study of the transmission 
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of currents in an insulated and submerged line, so as to take 
account of obstacles, and to overcome them by appropriate means. 
Several physicists, among whom we may name Faraday, Wheatstone, 
Thomson, and Siemens, applied themselves to the task, and all 
contributed to the solution of this important problem. 

It was recognized that a cable submeiged in sea-water, is 
transformed, when an electric current traverses it, into a con- 
denser analogous to the Leyden jar. The electrical charge of 
the line v ire within acts upon the outside conductors, the metallic 
guard, and the sea-water, acioss the insulating covering composed 
as w^e have seen of gutta-percha. The induced currents which 
arise in this way under the influence of the current thrown into 
the line by the sending apparatus continue for a certain time 
after the current is stopped, so that a despatch of a new current 
is impossible till after this interval; otherwise the currents w^ould 
act as if the line w^ere traveled by a continuous flow of electricity, 
and signalling would become impossible. It w’as also proved that the 
conductibility of the gutta-percha is Jiot zero, and the current 
is weakened by the lo«*s which takes place across the insulating 
covering. 

AMien once these causes were recognized, it became possible to 
counteract their effects. For galvanic electromotors, for the battery, 
mogneto-electiic induction ajiparatus were first substituted, as they 
produce currents of greater intensity, propagating themselves with 
greater rapidity than ordinaiy currents. Methods beside this have 
been devised for neutiulizing the induced currents ; one due to 
Whitehouse, consists in throwing alternately into the cable two 
cuirents in opposite directions, and the induced currents resulting fi-om 
them are tlien themselves opposite, and destroy or neutralize each 
other. Varley interposes, betw'een the manipulator and the 
line, a condenser of very large surface (40,000 square feet), 
which, according to M. du Montcel, works in the following way in 
neutralizing the induced currents : At the moment of contact in the 
manipulator (whicli is a simple key reverser), an electric current is 
sent across the cable to act on the indicator, and this cun*ent is 
positive or negative according to which of the two keys of the 
manipulator has been depressed. But as soon as this key rises, a 
communication is established between the condenser and the earth, and 
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the condensed electricity can pass to the earth on both bides of the 
line. In this way the charge that is of opposite kind to that which 
furnished the first current of electricity working on the indicator, 
combines with the latter across the cable and neutralizes it, instantly 
destroying at the same time the inductive effect produced by it in the 
covering of the cable. In tliis manner the cable is restored, almost 
instantaneously to the neutral state, and becomes susceptible 
immediately of a new signal.” 

The system, however, which is adopted on the gi’eat transatlantic 
lines is this. The telegraphic apparatus is a needle one, the reason of 
this choice being tlie extreme sensibility of the galvanometers, whose 
needles will oscillate undei* the action of very feeble currents. Never- 
theless, to increase still further this sensi- 
bility, and to enable the clerks of the re- 
ceiving station to read the signals without 
hesitation, Thomson’s galvanometer is em- 
ployed in the following way • “In this 
apparatus,” says M. du Montcel, “ the 
sensitive part is a little lenticular mirror 
directed magnetically by a little magnetized 
needle, which is itself drawn back into a 
fixed position by a magnet; a ray of light is 
thrown on this little miiTor, and reflected rio 4oi -see tion of Thomsons 

gnh nnometer in the toh gi aphic 

by it on a screen placed at a distance of SaWe™ 
eight feet. With this amplification, the 

least motion, imperceptible to the naked eye, is manifested by the dis- 
jdacement of the projected image, and the positions that this image 
successively occupy, to the right or left of a fixed datum line, 
indicate the dots and dashes of Morse’s alphabet. All the com- 
binations necessary for the interpretation of the messages are thus 
obtained, being read upon the screw in a darkened chamber.” 

Figures 403 and 404 represent the telegraphic apparatus of the 
French transatlantic cable, as it is set up at the station at Brest. 
The first is a section of Thomson’s galvanometer, the second shows 
the general arrangement of the apparatus. In the centre of the 
bobbin we see a little circular mirror, which carries the magnetized 
needle rendered astatic by the magnet e, fixed to a vertical rod alwve 
the galvanometer. A silk thread supports the miiror, whose motions 
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aie kept in check by a tongue fixed in the lower part; c is tlie 
comiuutator of the apparatus; B the manipulator with two keys, 
analogous to Morse’s mauipulator, making positive and negative 
currents alternately. To the negative currents correspond the 
deflections of the needle and mirror to the left, to the positive 
currents those to the right. F is a darkened chamber enclosing tlie 
scale on v\ Inch are formed the images of the flame of the lamp situated 
behind it. The luminous beam, passing through a hole in the side of 



Fio 404 —Transatlautic telegraph frum Brest to St Petei t->general view of Thomson h lotentiig 

apiiamtua 


the chamber, follows the path R, falls upon the mirror, and is reflected 
to the zero of the divided scale when the mirror is unmoved. At 
each passage of the current sent through the cable, the mirror 
oscillates to the right or left, as we have just seen, and the image 
oscillates horizontally on one side or the other of zero. At a is a 
battery of twenty DanielTs elements ; at J, the communication is made 
with the caith. 

The clerk at the station, when he has received warning that 
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a mesaago is sent, puts liia comuantator in the position for 
receiving. Then he fixes his eye on the divided scale of the dark 
chamber, noting all the signals indicated by the successive oscil- 
lations of the luminous image, which correspond as we have said 
to the conventional vocabulary of Morse’s system. There is 
nothing then left but to translate the message and write it in 
ordinary characters. 

The syphon recorder, an instrument recently introduced by Sir 
William Thomson to supersede the use of the galvanometer, consists 
of two parts, the motor or mechanical power and the recorder for 
registering the signals. 

The motor or mechanical part of the instrument consists of a very 
light and delicate insulated wire coil suspended in a very powerful 
magnetic field produced by permanent or electro-magnets ; these, 
acting with gi-eat exciting force upon the suspended coil, cause it to 
deflect or vibrate when a current passes through it. The second or 
recording mechanism of the apparatus consists in imparting the 
motion of the receiving coil to a light capillary tube or syphon of 
glass suspended and adjusted to the coil by means of the torsional 
elasticity of a helical wire. The long leg of this syphon acts as the 
“ marker,” the short end dipping into a reservoir of ink, which is 
continuously ejected from the long end of the syphon by electrical 
agency on to a moving paper ribbon mechanically drawn forward 
over a metal plate electrified in an opposite way to that of the ink 
within the syphon. Thus a powerful difference of electrical potential 
is constantly maintained between the ink in the tube and the metal 
jdate, the tendency to produce equilibrium resulting in a succession 
of sparks between the syphon and the metal plate, producing a 
fine stream of ink or a succession of minute dots upon the moving 
paper ribbon. Thus if the syphon remains in a neutral position, 
a continuous line will be drawn over the paper ; but when by reason 
of the motion of the receiving coil the syphon is drawn either to 
the right or to the left, a corresponding deviation from the straight 
line will be indicated ; thus a record is maintained on paper of the 
movements of the coil, without that movement being in the least 
degree impeded by friction or any other mechanical defects. 
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§ III. — The Batteries employed in Telegraphy. 

The various systems of telegraphs we have described, with those 
we have only mentioned, may be divided, as regards their electro- 
motive power into two classes; the fii-st comprising the apparatus 
which make use of a constant battery, and the second, those whose 
power is derived from magneto-electric induction machines. 

A whole chapter in the Fw'ccs of Nature was devoted to 
batteries; but it is w'ell, nevertheless, to return to this subject 
from the exclusive point of view of tlieir application to telegi’aphy. 

The old batteries of Bunsen and Daniell were the first made use 
of, and the second is still generally employed in France, while 
Bunsen’s battery is only used on certain American lines. In 
England the electric telegraph is served by trough batteries, the 
compartments of which are filled with .sand impregnated with a 
solution of ammonia hydrochlorate or acidulated w^ater, w ith a plate 
of amalgamated zinc and one of copper, in each compartment. This 
battery furnishes a current of little intensity, but one which is 
especially suitable for the systems of needle telegraphs. 

DanielTs battery is ea.sy to keep in order. It only requires a 
little liquid poured in from time to time to repair the losses from 
evaporation in the vessel containing the acidulated water and in the 
porous vessel containing the solution of sulphate of copper, and to 
see that the crystals of sulphate are always in sufficient quantity. 
The crystalline efflorescence, also, that is deposited on the sides must 
lie removed from time to time, and the zinc plates replaced wlien 
the amalgamation is destroyed. The constancy of the current of this 
battery, which can woik for nearly three months without trouble on 
a line so much used, and so long as that from Paris to Berlin, 
makes it a good electromotor. The number of Daniell’s elements 
employed for distances of 100, 200, 400 kilometres is 30, 50, 
and 70. 

The Mari4 Davy sulphate of mercury battery is also employed in 
France. The original arrangement of this element (Fig. 404) has 
been replaced by a form analogous to that of Daniell’s couple with 
a cylinder of carbon instead of a sheet of copper. A battery of 38 
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Mari^ Davy elements working night and day over a line of 500 
kilometres has furnished a ' current of sufficient constancy for a 
period of nearly four months. 

The number of electro -motive apparatus invented for the service of 
electric telegraphy is so considerable that space would fail us to name 
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tlieui, imicli less to describe tbeiu. Many among this number are 
remarkable for certain particular qualities and have been used with 
success. It is easy however to understand that the success of their 
employment depends on the apparatus for which the battery is 
destined, according as it requires greater or less electro-motive force. 

We may add, in conclusion, tliat a distinction must be made 
lietween the batteries for tlie line, which send currents to great dis- 
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tances, and the local batteries which have only to serve the apparatus 
of the station itself. These last, whose circuit is very short and which 
have not to furnish electricity to the line, are formed of a small number 
of elements whose total electro-motive force is naturally very inferior 
to that of the line batteries. 
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§ IV.— The Alarums. 

The alaniins, whose office we have indicated in describing tlie 
telegraphic apparatus, may now be referred to without entering into 
any detail as to tlie mechanism which sets them in action. The 
systems of alarunis are at least as numerous as those of telegi'ajdnc 
apparatus themselves. We must limit ourselves to the explanation 
of one or two of these systems. 

The simplest and most genemlly adopted on French telegi’aphic 
lines is that of which Fig. 407 gives an interior view. An electror 
magnet receives in its lK)bl>in the current reaching the screw a, and 
thence by the handle of the hammer bm, in contact with a spring R, it 
goes by the button h, and the screw D, which communicates with the 
batteries, and the circuit is then closed. The hammer rod which acts 
as armature is attracted by the electro-magnet and the hammer 
strikes the bell. But the contact with the spring is by this time 
stopi^ed : the current is internipted, the hammer rod falls again upon the 
spring, which gives rise to a fresh current and so on, as long as the 
current 2 )asses through the alarum, that is to say, as we have seen in 
describing Breguet’s dial telegrapli, ns long a.s the commutator is on 
the corresponding button. 

The result is a series of repeated blows, very close to one another, 
whence the name of vibrating alarvm, given to the apparatus. The 
principle uf the mechanism is due to Neef, and it was a Belgian 
electrician, M. Lippens, who first api>lied it to alarums. 

When more jirolonged and intense alarums are required, a catch 
mechanism is adapted to the system of vibrating alarum described 
above, which introduces into the apparatus the circuit of a local 
batteiy. Such is the alarum of M. Aubine (Fig. 408) in Mdiich a bent 
lever is held against the handle by a lateral tooth. When the alarum 
is set in action by the current of the line, the hammer being attracted 
by the electro-magnet, disengages the lever, which then falls on to the 
spring, r , and leaves r. It is easy to see then that the current from 
the line is broken, while that of the local battery pn is closed The 
alarum is thus set in action by a more powerful current, which con- 
tinues as long as the clerk M arned does not return the catch-lever to its 
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place, which is done by means of a button on the outside terminating 
the lever, seen on the upper side of the box. 

Electric alanims in mines have received an application of great 
interest with regard to the lives of the miners. The simple presence 
of fire damp when its proportion in the air of a mine is great enough 
to be dangerous, niay be indicated automatically by the use of an 
apparatus in electric communication with a battery and an alarum. 
The principle on which this apparatus, invented by M. Ansel), is based, 
is this 

We know tliat if t^^o gases of unequal density be separated by a 
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porous membrane, each of them will cross the membrane with a 
velocity peculiar to it. At tlie end of a certain time, there will be a 
mixture, but as the less dense gas crosses the porous partition in 
gi’eatcr abundance than the other, it results that in the space occupied 
by the latter theie wdll be an alteration of pressure. We will see 
how this phenomenon is made use of in the fire-damp indicator 
(Fig. 409). 

A cuiA^ed tube has one of its branches terminated in a funnel or in 
the form of a vessel closed by a plate of porous material m. The tube 
contains mercury vhose level is the same for each branch under ordi- 
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nary circumstances, that is to say, when the air in the gallery is pure. 
But if the hydro-carbon gas is disengaged near the apparatus, it 
penetrates tlie porous plate and increases the pressure in this branch 
of the tube and drives back the mercury in the other branch. The 
mercuiy, in thus rising, brings the two electrodes, piositive and negative 
a, b, of a battery into contact, by means of a metal rod /, The current 
passes, makes the alarum sound, or sends any kind of telegraphic 
signal either to the inside or the outside of the mine. 

The same apparatus will indicate the presence of any gas that is 
heavier than the air, as carbonic acid or hydrosulphuric acid. It is 



Fu. 409 —M Anitell'K fire*dani}) indicator 


enough for this pui-pose to make contact in the part of the tube which 
is situated below the porous plate. 

An.sell’8 fire-damp indicator been tried with success in several 
mines in England and France. 


§ V. — ^ThK LIOHTKINO COKDtJCTORS. 

The superiority of the electric over the air telegraphs results 
principally from the rapidity with which public or private messages 
may be transmitted, whatever may Ite the distance witliin certain 
limits between the extreme stations. A few seconds or a few minutes 
at most, suffice for this docile agent to clear thousands of miles. But 
this is not the only reason that led to the rejection, as superannuated, 
of a mode of correspondence which appeared for more than forty 
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years a marvel of quickness ; we must add the constancy, the almost 
absolute continuity of the working of the apparatus, on the sole con- 
dition of taking care to keep the batteries, the line, and the transmit- 
ting and receiving arrangements, in good working order. The optical 
telegraph of Chappe, was only of use by day, and even then but in 
clear weather, so that sometimes an important message arrived only in 
part at its destination, with this statement — Internijpted hy the foy, 
or hy the night. 

Nothing like this is to he feared with the electric telegraph, which 
can work all the year round, night and day. But we must make one 
reservation, however — the tmnsmission of electrical currents is 
sometimes interfered with. During storms the wires of the line 
are partially electrified, whence disturbances arise in messages which 
come from points far removed from this accidental phenomenon. 
The aurora borealis produces similar effects and irregularities, for 
which there is not yet any certain cure. These disturbances may be 
strong enough to cause damage either to the line or to the stations 
and their apparatus. In storms of considerable violence, the lightning 
may break the poles or the porcelain iusulatoi's ; the magnets and the 
compass needles may become demagnetized — which will not astonish 
the reader if he is acquainted with the electro-magnetic phenomena 
we have described in the Forces of Katiire. The armatures and the 
bars of soft iron forming the electro-magnets may, on the contrary, 
receive, under these circumstances, a pennanent magnetization which 
will render them useless. 

Tliere is no remedy for this except a careful surveillance of the 
line and the apparatus at the stations, and the repeated testing 
of their proper working, especially in times of storm, or when 
auroras make their appearance. In cases of damage the broken parts 
must be replaced ; but as these things are now foreseen, well 
organised lines keep the most indispensable parts for renewal at 
all the most important stations, and in the result the interruption 
is not for long. 

There is, however, a danger which may be foreseen and effectually 
guarded against, and it is one which threatens the security and the 
life of the clerks at the stations. In the first days of electric 
telegraphy, strong sparks sometimes passed between the metallic 
parts of the apparatus ; the dischai^e broke them, scattered them to 
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a distance, and wounded or killed the persons who might be in the 
path of the electric fluid. Each station, has, in consequence, been 
provided with a very simple little apparatus, for the purpose of draw* 
ing off the electricity of the storm to the ground, and of saving the 
instruments and the clerks at the same time. These lightning-con- 
ductors are various in principle and form. We will describe a few 
of those most in use. 

Brdguet’s lightning-conductor, represented in Fig. 410, is of great 
simplicity. It consists essentially of two toothed metallic plates 
whose teeth are opposite each other; of a tube inclosing a very 
fine iron wire, connecting electrically the screws a and h; and of 



a commutator, P. When the handle of this last occupies thh position 
shown in the figure, the current from the line passes from L to F, and 
thence into the apparatus of the station. The electricity of the 
battery is not of sufficient tension to cross by the points of the plates, 
and continues its ordinary course, but the atmospheric electricity, on 
the contrary, is able to do so, and passes from the points by the wire 
T to the ground. If the storm is violent, this way of escape may be 
insufficient, and the electricity may pass through the wire, and 
heat and even fuse it. But in the last event, the communication with 
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the station is interrupted by this very fusion of the wire, and the 
electricity of the storm passes to the earth. If the storm has been 
foreseen, the clerk can put the commutator in connection with the 
earth wire, and all communication with the station is then cut off. 

Fig. 411 represents another arrangement of the lightning-con- 
ductor which is also based on the power of points, and on the 
different behaviour of electricity according as it arises from galvanic 
currents or is due to an atmospheric disturbance The commutator 
is provided with three branches. When the middle one is on the 
button d, as shown in the figure, the current from the line goes 
directly to the station, its course being easily seen by following the 
dotted lines which mark the electrical connections of the various 
parts of the apparatus. From the end L of the line wire, the current 
passes through the commutator and thence by f to the station, with- 
out passing through the wire / at all. In the event of a storm, the 
middle branch is placed on the button ft, and then the current crosses 
the pointed plates and the wire before reaching the station. And 
further, if the storm be violent, the commutator is put opposite the 
letter t, with its middle branch on the button c. Then all the 
currents pass directly to the earth without any communication 
whatever with the station, wluch is thus preserved from all danger. 

Bianchi’s lightning-conductor is also founded on the power of 
points. When the electricity of a storm comes from the line, it 
passes away by a series of points arranged upon a glass bowl all 
round a metallic sphere, which, by a metal ring is in permanent 
communication with the earth. If the glass bowi is exhausted the 
passage is quicker, but this precaution is not absolutely necessaiy. 

The lightning-conductors represented in Figs. 412 and 413 are 
not based on the power of points, but simply on the inequality of 
electrical tension between the regular line currents and those of 
atmospheric or storm cloud electricity. While the first is stopped 
by an insulating sheet and enters the apparatus, the other crosses to 
the large conductor offered to it, in spite of the interposition of the 
insulating body. It can thus easily pass on to the earth without causing 
any disturbance or damage in the station. 

Siemens's and Halske's lightning-conductor (Fig. 412) is com- 
posed of a plate of cast iron in communication with the ground ; upon 
this, and as near as possible to it without being in actual metallic 

s s 2 
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contact, rest two smaller plates, a., b, connected on one side with the 
line wires, L, L^, and on the other with the apparatus F, Fg. The 
galvanic currents have not sufficient intensity to overcome the resist- 
ance aiising from the distance of the conductors from the plate in 
connection witli the earth, but in the case of a storm, the atmospheric 
electricity takes this latter path and the instruments are preserved. 

The lightning-conductor on the Belgian lines (Fig. 413) also 
consists of metallic plates, pp, df, separated by an insulating sheet of 
thin paper. The line wires of the two neighbouring stations on the 
right and left terminate in L and l', and those of tlie apparatus of the 
station itself in f and f'; t communicates with the button h and with 
the earth. Four holes, 1, 2, 3, 4, in the socket of wood which can'ies 
the plates are made to receive a metallic plug, c, which puts the 
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\arioii8 parts of tlie lightning-conductor in connection with each 
other In ordinary times the plug is iu the position marked in the 
figure, and then the neighbouiing stations can communicate with the 
apparatus in this one, and the correspondence on both sides is free. 
If a storm appears on the right, the plug is placed in the hole No. 2, 
and the atmospheric electricity passes to the earth by the plate and 
-nire T. If the disturbance occurs on the left, the plug is placed in 
hole No. 1 ; and lastl)', it is placed in No. 4, if both sides are 
threatened at the same time. The bole No. 3, serves to establish 
direi't communication between the two lines, so that the apparatus 
is at the same time a commutator as well as a lightning-conductor. 
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§ VI. — Duplex Telegraphy. 

Very early in tlie development of the telegiaf^h it became 
known that a wire would transmit more than one current at 
the same instant of time, and that when the currents were passed 
into the wire in the same direction, the effect of the duplication of 
the currents upon the directive force of the needle at the distant 
station was greatly increased, and when tlie currents were in 
opposite directions the movement of the needle was almost imper- 
ceptible, and that if the currents were accurately balanced the 
needle would remain stationary. The application of these known 
facts to the indicating of distinct signals constitutes Duplex Tele- 
graphy. In carrying out this system of transmission it is necessary 
that the coils of the instruments at the sending and transmitting 
station shall be so arranged that wdiencver the transmitting station 
sends a current into the line, although it may be indicated at the 
distant station, it is neutralized upon the coil of the sending 
instrument, and no signals are shown; but the instrument remains 
free to receive signals from the distant station. This neutralization 
or balance is obtained by winding the coils of the instruments 
with two parallel wires, after the manner of a differential 
galvanometer. 

Therefore when the distant station sends a current, it either 
increases or reduces the effect of the local current, but in passing 
through the coil of the transmitting instrument it is equally divided, 
neutralizing its effect upon the needle of that instrument, but at 
the distant receiving instrument the current passes through both 
coils in the same direction, and therefore exercises a directive force 
upon the needle, and indicates a signal. The Duplex system is 
capable of increasing the transmitting capacity of a wire, two, 
three, or four-fold as may be required. The system is now exten- 
sively employed both upon the Postal Telegraph lines in Great 
Britain and on many telegraph lines in the United States and 
Europe. 
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§ VII. — The Universal Telegraphic Network. 

It is scaicely necessaty, perhaps, to insist on the importance of 
electric telegraphy in matters of private, public, and international 
interest. This application of one of the branches of physics, which 
has made so great progress daring the last centuty, is so brilliant a 
conquest of human ingenuity over time and space, that no one can 
doubt the enormous range of its usefulness. Confined at first to 
public and governmental correspondence, or diplomatic despatches, 
it has received all its development since it has been required for 
serving private interests. The use of the telegraph has been since 
then prodigiously extended, and it still daily increases, in proportion 
as the number of stations is augmented. Thus in France alone, twenty 
years ago, seventeen telegraphic stations sent off annually scarcely 
9,000 messages, while now, 3,500 stations send more than six 
millions. 

Telegraphic communication not only serves for the purposes of 
families or friends, but still more for purposes of business, commerce, 
arts, and speculations in shares. So far for private interests. In 
diplomacy, war, public works, administration, politics, and police, it 
is continually made use of. In a higher and more serene domain, 
that of science, it renders the greatest service, by famishing astrono- 
mers with the means of determining the longitude with precision, of 
nignalling to all the observatories the discovery of new stars, comets 
and planets, and thus gaining weeks in verifying and registering the 
discoveries. In meteorology the telegraph announces coming storms, 
and the rising of water, sends warnings to seaports of squalls, and so 
supplies navigation with precious information such as has already 
saved ships and cargoes from disaster. 

This enumeration of the services rendered by telegraphy is very 
incomplete. But the best way to demonstrate its importance is to 
transcribe here a few figures indicating the actual state of the net- 
work of air and submarine lines which are now at work all over the 
surfhce of the earth. 

The length of lines over tiie whole earth is very nearly 400,000 
miles, that is, sixteen times the earth’s droumfsrmioe. In tins total 
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the submarine telegraphs are distributed among 231 cables of very 
unequal lengths. 

In Europe the air lines measure nearly 200,000 miles, among 
which Great Britain is represented by 58,000 miles, or one mile of 
telegraph to each square mile of area, and Fiance by 29,000 miles, 
or one mile of telegraph to seven square miles. 

The number of messages sent has increased in an enormous 
proportion. To give an idea of the greatness of the correspondence 
in industrial countries, we may mention that in England, in the year 
1870, shortly after the acquisition of the telegraphs by the State, 

10.200.000 messages were sent, or 203,600 per week. M. W. Huber, 
to whom we owe these statistical details, tells us that on the 18th 
of July, 1870, the day on which the declaration of war between 
France and Prussia was known in London, 20,592 messages passed 
in the central station alone. The telegraph to India sent in 1871 

33.000 messages ; and iu spite of the high price of correspondence 
by the transatlantic cables, 240,000 messages crossed the ocean in 
a Mngle year. These numbers fall far short of the total number of 
messages sent in 1875, the annual increase being on an average about 
20 per cent on the preceding year’s traffic. 

These statistics are sufficient to give us an idea of the impetus 
given to rapid correspondence in various parts of the globe, but they 
may be advantageously supplemented by a special reference to the 
tranS'Oceanic lines. Europe is in direct communication with the 
North American continent by seven cables, five of which start from 
Valentia in Ireland, and the other from Brest, and end in Trinity 
Bay in the Island of Newfoundland, or at St. Peter Miquelon, and go 
on from thence to the territory of the United States. Two of these 
cables, those laid in 1865 and 1866, are at this time (1876) inter- 
rupted. South America is also connected with Europe by a submarine 
line passing by Madeira and the Cape de Verde Isles, and ending at 
Buenos Ayres, upon the east coast. From thence land wires extend 
to Valparaiso on the west coast, and by submarine cable np to 
Ecuador. 

At the present moment again, India is in telegraphic communica- 
tion with Europe by tliree lines ; one runs along the Red Sea, and 
then in the Mediterranean ramifies into several branches which go to 
Sicily, Italy, France, and on to England, to the coast of Portugal 
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and thence on to the most south-easterly point of Great Britain, 
beneatli pai t of the Atlantic ; the other line ramifies in the same way, 
starting from the Gulf of l^emia, hy seveitil air lines which go to 
Kussia, Germany, and Syria, and China and Japan are connected by 
Xoiihern liussia. Lastly, Australia and New Zealand itself is in com- 
Aiiunicatiou uith the Indian lines, so that a message sent from Sydney 
or Auckland, arrives directly at London, New York or Boston, and 
thence by the telegraph crossing the American continent to San 
I'rancisco, on the shores of the Pacific Ocean; 270° of longitude, or 
more than o0,000 kilometres, actual distance, are traversed by elec- 
tric signals under s^>ecial conditions in less than one hour. In practice, 
however, a much longer period of time is found necessary. The 
following fact will suffice to give an idea of the rapidity of electric 
corresi>ondence : — 

At a ban([uet given upon the opening of the telegraph between 
Australia and London, and at which those interested in the under- 
taking were present, and which was held at the same time in London 
and Adelaide, a telegraphing instrument was placed behind the Presi- 
dent’s chair in London. At the opening of the banquet, a congra- 
tulatory message was sent to Australia ; before the end of the 
banquet, the reply witli a concluding hurrah ! retuined from Adelaide. 

It is clear from what has been stated, that a gap is still to be 
filled before the entire circumference of the globe is inclosed in the 
network. America and Asia do not as yet communicate directly 
with each other. But four lines, two of which are entirely submarine, 
have been projected, and the Pacific Ocean will doubtless be soon 
tmversed by electric currents, as the Atlantic has already been for 
eight years. In course of time, messages will arrive in London and 
Paris from all the remotest parts of the globe, and we shall read 
in the jmpers in the evening an account of the principal events W'hich 
have happened during the day (and night too) in ail five parts of the 
world. It may be left to each to conjecture what will be the in- 
fluence in the future of this continuous communication on political, 
commercial, and industrial relatkms-^r in one word, on our whole 
progressive civilisation. 
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CHAPTEK VI. 

ELKCTRIC HOltOLOGV. 

§ 1. — Electric IIegulators 

The rapidity with which electric currents are propagated, the all hut 
instantaneous manner in which they produce motions in I wo instru- 
ments suitably ai ranged and connected by a conducting wire, have 
suggested the idea of applying to chronometers the jirinciple of the 
electric telegraph. The synchronism of its motion enables us, in fact, 
to make the hands of any number of dials fixed at points at a greater 
or less distance from each other, move in perfect accordance, as, for 
example, those at the different stations on a railway line It is simply 
necessary to put all these dials in electric communication with a 
single regulator. This is one problem which has, in fact, been solved, 
and the arrangements invented for tlie purpose have been in use a 
long time, both on railways and in great towns whose public clocks 
are thus regulated. 

But it is a distinct problem, which, however, like the former, has 
been solved, to apply electricity to the motion of the regulating clock 
itself. It is for instruments of this latter kind that the name electric 
clocks is generally kept. Those arrangements w'hich are simply 
intended to transmit to clocks at a distance the motion of an ordinary 
timekeeper, have received the name of det trie regulators. 

Lastly, electricity has been required to bring into union a certain 
number of clocks, each having its separate works and powers, so as 
to establish the regular agreement of their independent rates. 

In these various applications, as in telegraphy, there are many 
" systems ; we must tUerefoi'e be content with describing one or two of 
the types which have been sanctioned by experience, and which will 
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explain to us all the ingredients requisite for this new application of 
electro-magnetism. We will describe first the electric regulators. 

There are two distinct parts in an apparatus of this sort, as 
indeed there are in every telegraphic apparatus. There is first the 
mechanism connected with the regulating clock for transmitting and 
interrupting periodically, and at equal intervals, the current from a 
battery, or some other electromotor. This current communicates the 
motion to the receiving apparatus, that is, to the mechanism for 
moving the hand on each dial. This is the indicator. 

Take for example Garnier’s regulator. 

The regulating clock is an ordinary one, and the following is the 
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simple way by which, when in motion, it successively transmits and 
stops the current in the circuit. The dial-wheel of the clock carries 
on its a'gii* a wheel with four cam-shaped teetlL The rotation of the 
wheel first raises the hook d of the lever I, and then lets it falL In 
the first case, that represented in Fig. 414, the two poles + and — of the 
battery are in communication by the contact of the two metallic lovers 
t and I ; the circuit is closed and the current passes. In the interval 
of the passage from one tooth to another, the lever I fallen contact 
ceases, the circuit is opened, and the current is interrupted. The 
contacts .of tire two pieces are made of gold, or of an alloy of gold 
and pl ati pnm, in order to avoid oxidization, which would stop the 
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passage of the electricity. The indicator of Garnier’s regulator is 
represented, in its essential features, in Fig. 415. An electro-magnet 
attracts or repels (according as the current from the regulating clock 
passes or is interrupted) an armature, M, which in turn raises the 
lever ll by the rod t. One of the ends of this lever carries a catch, 
c, which as it rises draws on by one tooth the ratchet-wheel K. Two 
stops, 6 V y prevent the wheel, on the other hand, from turning through 
more than one tooth, and from going back. When the current is 
interrupted, the armature falls back on the screw which one of the 
bobbins carries on its lower side, the lever ll is lowered, and the 
catch c comes against the next tooth, which it stops until the passage 
of the current energises the electro-magnet again. 

From the ratchet-wheel the motion is conveyed by properly-arranged 
gear to the minute wheels which turn the hands on the dial. The 
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i-egiUating clock and the indicator being now regulated to agreement 
once for all, this agreement continues as long as the battery works 
with sufficient strength for the attraction of the armature. 

We must now see how a series of indicators is united to the regu- 
lating clock, and how they are all able to go imder the original 
influence of the first, without an interruption of one of them inter- 
fering with the others. 

Two laige metal wires, ab, od, leave the battery p after having 
passed through the regulating clock H, as we have already shown. 
From each of the wires run other pairs of wires at o5, a'J', &c., of smaller 
diameter, communicating with each indicator, o, o', o", &c. By this 
means the principal circuit is divided into as many derived circuits as 
there are dials, and communicates the movement to each of these 
independently, or we can connect the wires ed, ddl with those of 
one of the indicators, as o"" and o" with o*. 
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It appears that iu Gariiier's regulator the antagonistic force is that 
of gravity, so that these apparatus can only work on one condition, 
and that is that they should be placed in a vertical position. The 
advantage is the constancy and invariability of this force, which is 
not a property of the elasticity of springs (see Fronient’s system). The 
regulating clock was at first an ordinary one with a ratchet-wheel 
wliose teeth came against a fixed spring at each second. This spring 
was simply a thin sheet of gold in communication with one of the 
poles of the battery, while the wheel itself was connected electrically 
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with the other pole. There was in this case in each second, first 
the passage, and then the interruption of the current afterwards. 
M. Froment substituted an electric regulating clock for the 
ordinary one. 

In the indicator, of which Fig. 417 represents the arrangement, 
the armature MN has at the end nearest M a continuation of copper, 
to which is articulated a system of two levers, spqn, whose branches, 
SQ, QN, tend to straighten themselves when the armature is attracted 
by the passage of the current The rod PQ then acts on the bent 
lever ri, and the catch i pushes on the ratchet-wheel K by one tooth. 
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Wlien the current is internipted, the armature is drawn back by 
the spring I, the brandies sqn bond again, and the catch leaves 
the ratchet-wheel free. The catch h prevents the return. 

The motion is communicated to the minute wheel worked by 
the wheel r', and a bevel wheel arrangement carries it on to the 
hands by means of the rod K. 

The originality of Froraent's regulator lies chiefly in the employ- 
ment of the distributer spqn. This mechanical contrivance is 
destined to proportion the resistance to the attractive force of the 
electro- magnet in the armature. This attraction is greatest when 
the distance is least, that is, at the moment of contact, so that it is 
just at the moment when the motion is aliout to cease that the 
velocity of the parts attains its greatest value, which is a great dis- 
advantage to the mechanism. But by the use of this distributer, 
the resistance increases in the same proportion as the attraction, so 
tliat the attractive force of the electro-magnet remains constant. 

Tlie electric regulators of Bain, Bitchie, Br(5guet, Bobert Iloudin, 
and Nollet are as deserving of description as the above, but W(i 
must limit ourselves to the preceding systems, mentioning only those 
applications that have been made with success. At Paris, Lyons, 
Marseilles, Brussels, Ghent, and Leipzig, the regulators of these 
systems have been worked, and are still being worked, and show 
the time regularly and concordantly in the different parts of these 
towns. 

Illuminated clocks are nothing but gas reflectors, witliin which 
the regulators are placed, and which have time dials on one or two of 
their faces. Messrs. Nollet at Ghent, Detouche at Paris, and Br<5guet 
at Lyons, have constructed apparatus of this kind. Fig. 418 represents 
the outside and inside of the tw'enty-four illuminated clocks fixed in 
Lyons by M. Breguet. The electro -magnets, K f/, are seen to be 
double ; they are so placed that their contrary poles face each other, 
so that the armature M, which is magnetized, is at the same time 
attracted by one and repelled by the other, or inversely, according as 
the current passes in one or the other of the electro-magnets. The rod 
T carried by it acts by means of a fork, furnished with a peg, on two 
catches t, %\ which play the part of an escapement anchor and move 
the teeth of a ratchet-wheel, to tlie axis of which the minute-hand 
is attached. 
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In order that these electric regulators, whatever system is adopted,* 
should work with constancy and regularity, it is obvious that they 
require constant attention and care. The proper state of the various 
pieces, that of the regulating clock, and above all the maintenance of 
the battery, are conditions of the first necessity. This is so evident 
that we need not insist on it But since, after all, one of these 
conditions may fail, it is plain that the very thing which constitutes 
the superiority of this arrangement over ordinary clocks, namely, tlie 
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working together of all the timepieces of the town or railway, would 
be a great disadvantage in case of an intomption. It is advisable, 
therefore, not only that the regulators should be independent, as we 
have seen to be the case in Gamiei's system, but the motion should 
not depend on a single regulating clock. By dividing the town into 
departments, each of which possesses a relator, such a great incon- 
venience as this is diminished in like proportion. 
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§ II.— Electkic Clocks pbopebly so called. 

We have seen in the book devoted to gravitation that the driving 
power of clocks is derived either from a weight or from a spring, and 
that the pendulum serves to regulate the motion communicated to the 
wheels by this force. The regularity of their motion depends on that 
of the oscillations of the pendulum, whose amplitudes should remain 
as far as possible invariable. The motion of the pendulum is moreover 
kept up by the action of the escapement. 

The problem sought to be solved by the inventors of electric 
clocks is to give to the pendulum directly, and without the employ- 
ment of a motor, or of ordinary wheels, an impulse derived from 
electricity, which shall keep up and regulate its motion. The following 
are some examples of electric pendulums in which this condition is 
realized. 

That represented in Fig. 419 is one of the oldest; it is due to an 
ingenious and experienced clockraaker of Beauvais, M. Y^rite. 

The pendulum B, hung by a spring or isochronous support, carries a 
rigid crossbar, ad, with two pegs, which move freely inside two metallic 
bells, c and c'. These latter are suspended by very fine silver threads 
armed with counterpoises, p and to a horizontal lever, whose two 
branches are insulated in the middle by a piece of ivory. Two 
electro-magnets, £ and e', have their poles placed opposite two arma- 
tures of soft iron carried by the lever, and each is connected metallically 
with the corresponding branch of the lever and also with one of the 
poles of the battery. The other pole communicates by a wire with 
the suspending spring of the pendulum. 

When the pendulum at rest is vertical, the pegs of the crossbar 
AD are not in contact with either of the bells. But contact takes 
place with one of them, say that to the right, when the pendulum is 
started towards the right. By this contact the circuit is closed and 
energizes the electro-magnet e', which attracts the right-hand branch 
of the lever. The bell c' goes down, and by its weight acts on the 
peg and gives the pendulum an impulse in a retrograde direction* 
Through the motion thus impressed, the contact of the peg with o' 
ceases, and the current is broken. But the pendulum, in moving to 
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the left, brings the left hand peg into contact with o ; the contact on 
the other side is now closed ; the electro-magnet E acts on the left- 
hand branch, and the bell c, in turn, falls pn the side A of the crossbar, 
and so on indefinitely. 

M. Froraent^s electric clock. Fig. 420, owes its motion to the 
periodical action of a little weight, wliich comes into contact with 
a lateral screw every time the circuit is closed. The regulator is 
arranged and works in this way : — The pendulum B, suspended by an 
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isochronous sprinp;, is in direct coiuraunication with the positive pole 
of the batteiy. The other pole is connected with the wire of the 
electro-magnet E, which communicates with a spring hand, at the end 
of which is soldered the weight p. The branch s of a lever rl sustains 
this band and weight when the circuit is open, the other branch, L, 
carries an armature which is attracted by the electro-magnet every 
time the circuit is closed and the current passes. Kow the opening 
and closing of the circuit are produced at each successive oscillation 
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of the pendulum. During that part of the oscillation which takes 
place to the left, the screw touches the weight p, the circuit is 
closed, the armature attracted, and the branch R of the lever ceases 
to sustain the band and weight, which then acts on the screw, and in 
consequence on the pendulum, so as to give it a retrograde im- 
pulse. Then the contact ceases, the circuit is opened, the armature 
takes its original position, and the weight ceases to act. Two screws, 
V and v', limit, on the other hand, the course of tlie branch L of 
the lever. Hence it is the action of a constant weight, which at 
each oscillation maintains the motions of the pendulum. 

Robert Houdin’s electric clock is represented in Fig. 421 The 
suspending spring of the pendulum p is in communication at o with 
the positive pole of the battery. It is provided with two curved arms, 
li and b', which alternately come into contact with two spring bands, 
and so close the circuit, first with the electro-magnet E, and then with 
the electro-magnet e'. Supi)ose the oscillation of the pendulum 
begins on the right side of the figure, and the (‘ontact is then made 
])y the arm b. The current following the wires in the direction 
marked by the arrows passes by e' ; the left branch of the armature 
aa', being attracted, raises the spring which acts by means of the rods 
t\ Z, and a catch on a ratchet-wheel, and makes it advance one tooth. 
The same motion raises the little mass /, and draws up the catch i' 
below the spring, which is thus stopped, while the riglit-hand spring 
is disengaged from the catch c, and is enabled to act by its weight 
during the retrograde motiou of the })cndulum. Then the contact 
ceases, the current is interrupted, the left hand armature ceases to be 
attracted, the rod Z' is lowered, and drives the upper corresponding 
catch over the next tooth of the ratchet-wheel. 

The motion of the bob towards the left brings b' into contact with 
the left-hand spring. The current circulates through the electro- 
magnet e', the armature on the right is attracted, and the same motions 
which we have just described take place on the opposite side, so that 
it is now the left-hand spring which, when disengaged, acts by its 
elasticity and its weight on the arm B'of the pendulum, and tlie catch 
T* is drawn in its turn over one tooth of the ratchet-wheel. Two 
counterpoises, e e', which can be set at different distances on the spring 
bands, are the means of regulating the action of these springs, and, 
consequently, the motion of the pendulum itself. 


T T 
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We will describe one more very ingenious electric clock (Fig. 
422), which, like the preceding, may be made, if desired, to go alone, 
or to serve as legulating clock for a series of dials electrically 
connected with it. It is due to a clockmaker of Neufch&tel, M. Hipp. 

We must first describe the mechanism of the regulator. It is 
composed of minute wheel work, to which the motion is communi- 
cated by the oscillations of a pendulum. So long as the oscillations 
of the pendulum have a sufficient amplitude, the electricity is not 
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called into play. If, on the contrary, the amplitude diminishes 
the current acts through the attraction of the poles of an electro- 
magnet, and an impulse given to the pendulum impresses on it the 
required motion, and keeps up the regularity of its oscillation in 
yie following way. 

The electro-magnet E, Fig. 423, is firmly fixed below the 
pendulum, so that the line of its poles is a little on one side of 
the rod in its vertical position. The pendulum carries an armature 
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at A, which at each oscillation passes at a very short distance 
from the poles (about' twice the thickness of a piece of papei). 
Below its end is fixed a tongue, P, or little steel plate, which is 
jointed to a horizontal axis, about which it can move freely, and 
is terminated by a knife edge. 

This tongue goes to and fro with each oscillation of the pendulum, 
and slides, without pressing, on a raised bar with two notches, called 
the detainer, and which is supported by a spring, and communicating 
by one of its extremities with the negative pole of the battery. When 
the oscillation of the pendulum is of sufiBcient amplitude, the tongue 
passes over the detainer, but if the motion is relaxed it stops in the 
position marked in the figure, and at the commencement of the 
returning oscillation conies to a stop against one of the notches ; 
if the detainer could not then be lowered, the pendulum would 
top, but the spring which carries the detainer yields, contact is 
made with the termination of the other wire of the battery, and the 
circuit is closed. The electro-magnet being energized, the aimature of 
the pendulum is attracted, and this atti action giving the necessary 
impulse for the maintenance of the pendulum's motion at the following 
oscillation, everything is re-established in the original order, and it is 
only when a new impulse becomes necessary that the electricity is 
called into play. 

The time which elapses between two successive impulses depends 
on the force of the pile. It has been called by M. Ilipp the 
duration of impulse. It may be several minutes or only a few 
seconds. With one Leclanche element, a regulator of this system 
will go for several months. 

We now come to the mechanism of distribution, wdiicli com- 
municates the time of this regulating clock to any number ot indicators 
connected electrically with it and with the battery. 

The ratchet-wheel R, having 60 teeth, and which at each oscillation 
of the pendulum moves one second, carries on its axis a metal ray or 
branch 6, which makes one turn per ipinute, like the ratchet-wheel, 
and which touches at any given moment one, two, or more of the 
tongues attached at c c to the line-wires — one cun*ent per minute is 
thus thrown into each indicator, whose mechanism w orks under ils 
influence. Since this mechanism, which we cannot describe here, 
requires a periodic change in the direction of the current, the regulator 

T T 2 
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has a reverser, the details of which are represented on the right of the 
figure — a wdieel r', moved by a pin on the ratchet-wheel, carries on its 
radii some pegs wliich press on the branches of a forked lever/, and make 
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it oscillate about its point of support. Two spring bands, fixed to the 
other branch of the lever, oscillate in this way about a mean position, 
and so one after the other establish contact first with the positive and 
then MitJi tlie negative pole of the batteiy'. 


CHAP. VI.] 


ELEOTHIC EOROlOaV. 


045 


§ III. — Electric Time Skinals. 

A very important application of electricity is that of the accurate 
determination of longitude between British and the more important 
Continental observatories, and the indication at distant stations of 
Greenwich mean time. The spread of railways throughout tin? 
length and breadth of the United Kingdom necessitates the punc- 
tual departure of trains according to published time-tables. In 
Great Britain, Greenwich mean time is employed at all stations 
from Penzance in Cornwall to Ixjrwick in Shetland. In Ireland 
Dublin time is taken, the constant difference between Dublin time 
and Greenwich time being allowed. The indication of true time 
by an audible signal, by means of the isochronisin of controlled 
electric clocks was lii’St practically cairied out at Edinl)urgh, by Pro- 
fessor Piazzi Smyth, the Astronomer-Boyal for Scotland, between 
the Koyal Observatory, Caltori Hill, and the Castle. The daily 
discharge of the gun at 1 P.M. from the castle ramparts in this 
instance is effected by means of two clocks connected by a wire, the 
one at the observatory, the other upon tlie castle iami)arts adjacent 
to the gun, and their isochronous action is ensured by magneto-electric 
controlled pendulums. At the precise moment of time the castle 
clock liberates a weighted trigger which mechanically effects the 
discharge of the gun. There is no city in the world in which time 
is generally so accurately kept and observed as Edinburgh, and the 
chronometrical arrangements of the lloyal Scottish Observatory are 
fuUy appreciated. The indication of true time at a distant station — of 
an audible signal by the direct action of an electric spark — was first 
carried out by Mr. Nath. J. Holmes, at the Meeting of the British 
Association at Newcastle-upon-Tyne, in 1863. In that year a gun was 
discharged from the ramparts of the old Roman Tower, the ignition 
being effected by the direct action of a magneto-electric spark trans- 
mitted through the telegraph wire between Edinburgh and Newcastle. 
One end of the wire was connected with a magneto machine, and the 
circuit automatically closed at the precise interval of time by the 
Observatory clock, while the Newcastle end of the wire was in con 
nection with a detonating fuse iuserteil into the touch-hole of the 
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gun. Thus Greenwich mean time was daily announced at Newcastle 
from Ediubuigh during the Meeting of the Association, by the 
discharge of a gun at 1 P.M., electrically fired from the Observt^tory 
125 miles distant. This Newcastle electric time-gun experiment by 
Holmes is historically of interest as having formed the initiatory 
e.vperiment which resulted in the establishment of the electric-torpedo 
system of defence, so successfully employed by the Confederate States 
in their naval operations during the continuance of the American 
civil war raging at that date ; a system which has been the basis of 
the present more highly developed torpedo defence, in use by the 
various Euroi^ean powers. By a modification in the arrangements for 
tlie transmi.ssion of the spark, Holmes afterwards successfully estab- 
lished a chain of electric time-gun signals, fired daily at 1 P.M., in 
connection with the Edinburgh Eoyal Observatory — south, at New- 
castle, North Sitields, and Sunderland, and west, at Glasgow, where 
three guns were planted, on the high ground of port Dundas for the 
city, at the Exchange for the merchants, and at the Broomielaw for the 
shipping, and a fourth gun at the Albert Quay, Greenock, for the docks 
and vessels lying at the tail of the Bank. The Astronomer-Boyal for 
Scotland, Professor Piazzi Smyth, in 18G3, had therefore eight time- 
gun signals daily discharged at 1 p.m. from the Observatory, Edinburgh. 
Seven of these guns are now historical, the castle gun alone being 
daily discharged in connection with the Edinburgh Royal Observatory. 

The acquisition of the telegraph wires by the Post Office has 
introduced a modified system of electric time-signal currents dissemi- 
nated over the kingdom from the Greenwich Royal Observatory. 

These electric Greenwich time-currents may be classified into two 
groups. First, the metropolitan, and second, the provincial currents. 
By the first group Greenwich time is given by special wires every 
hour to London ; by the second group, Greenwich time is given to the 
country by means of the telegraph lines twice a day, at 10 a.m. and 
at 1 P.M. The necessary electrical contacts and currenta are auto- 
matically controlled and distributed ly means of an apparatus termed 
a “ chronopher.” The indication of true time is variously registered ; 
at times it is by4he dropping of a time-ball placed upon a roof or 
tower in a conspicuous situation, or by the beat of an ordinary 
galvanometer needle, the stroke of a hell, or, as already noticed, by the 
discharge of a powerful cannon. This last method is the most 
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valuable and practical mode of communicating time audibly over an 
extended area, due allowance being made for the rate at which sound 
travels, and the position of the observer as regards direct distance 
from the gun. Sound travels at the rate of a little under a quarter of 
a mile in a second. From the rapidity of the motion of light, the 
flash of the Edinburgh time gun can be seen from the shipping in the 
Firth of Forth, and true time indicated long before the report of the 
discharge of the gun has reached the ear of the observer. 

The Greenwich hourly time-currents over London are distributed 
chiefly by w’ires in connection with the lines of the South-Eastern 
Eailway Company, the elaborate and delicate adjustments for which 
are entrusted to Mr. Charles V. Walker, F.K.S., to whom pmctically 
the vast metropolis of London has to look for the daily accuracy of 
her chronometrical arrangements and time measurements. Electric 
time-signal systems are now very extensively employed in the 
United^ States of i^merica, tlie continent of Europe, and also in some 
of our Colonies. 


§ IV. — Chhonographs and Chronoscoper. 

Another use that has been made «)f the property possessed by 
electricity of propagating itself almost instantaneously, is to measure 
with precision very short intervals of time ; for example, to measure 
the time which artillery projectiles take to clear the distance between 
the mouth of the cannon and the object struck. Instruments con- 
structed for this purpose are called chronoscopes or chronographs, the 
second of the names being particularly reserved for those which 
register this interval and preserve a written mark of it. 

Again, the name of Wheatstone presents itself in the first inven- 
tion of this ingenious application of electricity. The chronoscope 
which he invented in 1840 was at first arranged in the following 
manner. 

At the firing-station a, Fig. 424, is fixed a time-keeping apparatus 
0, having a weight for its motor, and capable of giving on two distinct 
dials, B D, the lOths and l,000th8 of a second. .An electro-magnet 
placed behind the box containing the wheelwork is provided with an 
armature, which is attracted when the current of the battery passes. 
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and then interferes with the motion and stops the clock. The result 
of this arrangement is that if the current ceases to act when the 
projectile starts, and is re-established wlien it strikes the target, 
the clock will go only during the transit — the precise duration of 
wdncli it wiU consequently indicate. 

This condition is realised in the following manner. The battery 
r communicates on one side with the chronoscope, and on the otlier 
side with the target M, and by a connecting wire with the cannon 
c the wii-e/ passes in front of the mouth H of the piece. 

A little before commencing the experiment the derived circuit is 
closed, and the current passes ; and now the clock is stopped. The 
command to fire is then given, the wire is cut by the ball, the circuit 
is broken, tlie clock, let free, goes on until the moment when, by striking 
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the tai^et, the projectile brings into contact the two wires that are 
attached to it, and closes the circuit agaia The clock is now stopped 
again, and the position at this moment of the needles on the two 
dials indicates, in seconds and fractions of a second, the exact duration 
of the flight 

Wheatstone himself perceived the disadvantages of this first 
arrangement The magnetism remaining in the armature caused by 
the contact was maintained a little after the rupture of the current ; 
on the other hand the motion of the needles was not immediately 
arrested npon the impact of the shot upon the target, and however 
small these differences might be, they were sufficient to render uncer- 
tain the indications of the chronoscope, especially for such small 
fractions of a second. The inventor was able to correct in some 
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degree these causes of error by employing in the beginning a current 
of very feeble intensity, and by so arranging the wires of the circuit 
that at the instant of the impact on the target a much stronger 
batteiy should be put into action to close the circuit and give the 
desired motion to the armature. 

M. Hipp has also modified Wheatstone's clironoscope by making 
the motions of the clock and the indicating needles inde])eiident, so 
that whether the latter is at rest or no, the former continues going. 
The needles only move during the time of flight of the projectile. 

We can only mention further : — M. Pouillet's clironoscope, which 
was founded on the amount of deviation which a current of know^n 
intensity can give to the needle of a galvanometer during the time the 
current is passing; the chronograph of Messrs. Breguet and Con- 
stantinoff, which consists of a revolving cylinder, on the surface of 
which two pens, maintained by electro-magnets, trace in succession a 
line, when the projectile breaks two wires, at the time of departure 
and arrival, and so interrupts the circuits, and the position of the 
lines traced on the cylinder indicates what fraction of a turn the latter 
has made during the transit of the projectile ; the chronographs of 
Captain Noble and Captain Navez, which have been used with 
success in numerous experiments on ])rojectiles in this country, 
Belgium and Holland; the chronographs of M. Martin de Brettes 
and Boulanger, by means of which the initial velocity of a projectile 
and its velocity at any point of its path can be measured ; and lastly, 
the levelling clironoscope of M. Breguet. Space fails for a detailed 
description of these ingenious and useful apparatus, of which we 
have not even mentioned the whole. It is enough for our purpose 
to have explained by an example tlie possibility of making use of 
electricity for the precise measurement of elements so difficult to 
determine as those connected with projectiles. Wheatstone has 
applied chronographic methods to the study, and proof of the laws, 
of falling bodies. 

Chronographs are also in daily use in astronomical observatories. 
A barrel which rotates and travels along at an even rate receives a 
puncture every second from a pointer or pen in electrical connection 
with the sidereal clock. In this manner a spiral line of dots is traced 
on the paper covering the barrel, and the commencement of each 
minute is marked by the absence of the dot. An observer at any of 
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the iDstrumeuts in the obseiTatory, who wishes to record the exact 
time at which a heavenly body passes the cross-wires of his instrument, 
sends a second series of currents through the same pricker, and by a 
subsequent inspection of the paper, the pricks of these dots compared 
with the second dots marked by the sidereal clock gives the time of the 
observation, which can be read to the x^th part of a second. 
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CHAPTEE VII. 

ELECTRir M(>TORS AND ELECTRO- MAGNETIC MACHINES. 

§. 1 — Oscillating Electric Motors. 

I N telegraphy and in electrical horology the 'energy of the current 
of a battery or of induction currents is the source of the 
motions by which signals are made and transmitted— in one word, 
electricity is there employed as a mechanical agent or motor. But 
the employment of this force is not for the putpose of obtaining 
power, and indeed, it is genemlly only intended to regulate the play 
of another force, that of gravitation for example, whose influence it 
allows us to suspend and re-establish periodically. 

But can electricity be employed directly as a prime mover ? that is, 
take the place of steam in engines, which, having produced and stored 
a certain quantity of motion, distribute it to other engines, where it 
is transformed according to the needs of industry ? This question 
has received several positive and practical answers, but we shall see 
in what way they are restricted. 

Although different early attempts have been recorded, such 
as that of Salvator del Negro, of Padua, who^ in 1831 constructed 
a machine in which a magnet oscillated between the poles of an 
electro-magnet, and that of a German, Jedlick, who invented an electro- 
motive engine for direct rotation, it is to Jacobi of St. Petersburg, that 
the first serious invention of this kind must be ascribed. In 1839 a trial 
of his engine on a grand scale was made. It was applied,” says M. 
du Montcel, " to move a little boat with twelve persons on board, and 
having paddle-wheels for this purpose. He was able certainly to 
navigate the waters of the Neva for several hours, but the energy 
developed, although coming from a battery of 128 laige Grove’s 
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elements, never exceeded f horse-power. So feeble a mechanical effort, 
develoi>ed by so energetic a current, discouraged tlie inventor com- 
pletely, who since then has always considered this application of 
electricity as impracticable* for industrial purposes.” 

We shall divide, as M. Verdet has done, the electro-motors 
into two classes, corresponding to two distinct types, that of the 
oscillating engines and that of the rotating engines, and we shall give 
an example of each of these types. 

We shall first describe, in the words of M. Verdet, the prin- 
cipal characteristics of these two types of engines. In the oscillating 
engines, a coil or fixed electro-magnet attracts, when it is traversed 
by an electric current in the proper direction, eitlier another coil, or an 
electro-magnet, or a magnetized bar, or even a simple piece of soft 
iron. When the movable piece comes nearly into contact with the 
fixed piece, the action of the engine moves a commutator, by w^hich 
the attraction is changed into a repulsion, or replaced by the attraction 
of another piece situated on the opposite side. The direction of the 
motion is thus reversed, and these attractions being repeated indefi- 
nitely, we derive from them the same result as from the reciprocating 
motion of the piston of the steam-engine. In rotating engines the 
movable and fixed pieces are arranged on the radii of two concentric 
w heels, the passage of the current makes the movable wheel turn into a 
position of stable equilibrium, but at the moment this is attained the 
action of a commutator changes the direction of the action of 
the forces, and the motion of rotation is continued indefinitely in 
the same direction.^ 

M. Bourbouze’s electro-motor belongs to the first type. The 
following are its essential arrangements ; — 

Two magnetising coils, EE, e' e'( Fig. 425), are arranged in pairs on 
each side of a veitical shaft surmounted by a beam, as in a steam- 
engine, and play the part of the cylinders, or body of a pump. In 
the inside, and up to half the height of the bobbins, are cylinders of 
soft iron, which become magnetised when the current from the battery 
passes through the wires of each coil. To the ends of the beam two 
rods are jointed, each of which carries two cylinders of soft iron, which 
move freely within the bobbins, and which are alternately attracted by 

^ Verdet, Expoek de la TkSorie Mieanigue de la ChaUur, lectures delivered in 
1862 before the Chemical Society of Paris. 
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the magnetised bars when the current communicates to tlie latter 
their magnetising force. It is plain, then, that if the current passes 
successively and alternately through each pair of coils a reciprocating 
motion of the cylinders and their rods will be the result, and conse- 
quently an alternate circular motion of the beam. By means of a 
crank and an exceiitrie this motion is transformed into a continuous 
circular motion of the driving shaft of the engine and its fly- 
vheel. 

It remains to be seen how the cunent from the battery is intro- 
duced successively into the turns of each coil. For this purpose an 
excentric is attached to the driving shaft of the engine, which moves 



Fig. 425.— Buurbuuzc’s olectiu-motor. 


all ivory bar adb, covered in part of its length by a metal band 
along a slider. 

The wire from the positive pole of the battery communicates 
through “p with the two electro-magnets, and each of the latter with 
one of the ends of the inside of the slider, which in the centre o 
coijimunicates on the other hand with the negative pole of the 
battery. Suppose the bar ooh to occupy the position indicated by 
the figure.^ The current then takes the path pecaon, for the 

’ A mistake has been made in the drawing with regard to the position of the 
lider. The wire * should touch the metal plate, while h rests on the ivory. 
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circuit is closed from to » by passing through the coil of the 
bobbins E E. The excentric in moving to the right will open this 
latter circuit, but will then close that which passes by e' e', 
and then the soft iron of that electro-magnet will be magnetised 
in its turn. 

So at each complete phase of the series the cylinders will be 
attracted to the left and the right, and the reciprocating motion of 
the rods and beam will be the result. 

The two movable cylinders always remain very close to the 
interiors of the fixed cylinders ; this is rendered indispensable by the 
known laws regulating the attractive force of magnets ; this force 
increasing with extreme rapidity iu proportion as the attracted and 
attracting masses more nearly approach to contact. The beam also is 
elongated by a good sixed lever, so that the motion communicated to 
the crank of the driving shaft may have a sufiBcient amplitude. 


§ II. — Ecectuo-Motobs with Constant Kotation. 

We now pass to the type of electro-magnetic engine which 
gives directly a continuous motion of rotation. We may take 
Froment’s electro-notor for an example. Fig. 426 gives its geneial 
aspect 

Six pairs of electro-magnets, of which the figure only represents 
four, iu order that tlie movable wheels and their armatures may be 
seen, are arranged along the radii of a circle, and are fixed to the 
framework of the engine carrying the driving shaft, which has its 
axis horizontal and passing through the centre of the same circle. 
AVheels concentric with this carry eight armatures of soft iron, ar- 
ranged parallel to the axis of rotation, and which in the course of 
the motion place themselves in pairs with regard to the poles of 
the electro-magnets. 

The eight armatures being distributed at equal intervals round 
the circumference of the movable wheel, and the number of electro- 
magnets similarly distributed being only six, when two armatures are 
exactly opposite the two electro-magnets E E, Fig. 427, the otlier 
armatures will be in front or behind according to the direction of the 
motion. Suppose this to be in the direction of the arrows or from 



OHAF. YIL] 


ELECTRIC MOTORS. 


G55 


right to left, in this case the current of the battery is thrown into 
the coils e" e', and leaves the coils e e. The armatures next in turn 
in the direction of the motion come then to be attracted, and the 
motion will be continued in the same direction until the armatures 
are opposite the poles e' e'. * At this moment the current leaves these 
latter coils and passes on to e" 1j/', and it will now be the turn of the 
next armature to be attracted, and so indefinitely. It is clear that 
during an entire revolution there will be as many attractions as the 
number of times the difference between the angles of separation of 
the electro-magnets and armatures is contained in the circumference, 
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that is, twenty-four times (the diflerence between ^ and ^ being 
These alternate interruptions and passages of the current in the coils 
of the engine are obtained by means of a distributor, the arrangement 
and working of which may be easily understood from Figs. 427 and 
428. This distributor consists of a wheel, R, centred on the axis of 
rotation and provided with eight teeth or pegs, eijual, that is, in 
number with the armatures, and moving with them ; this piece is in 
constant communication with the positive pole of the battery. Thiee 
springs, r, r\ r", fixed to an immovable circular sector, and each 
connected with the diametrically opposite pairs of the electro-magnets 
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by tbe wires/, have their extremities placed iu the same relation 
to the teeth of tlie wheel as the bobbins to the armatures of soft 
iron WJien tw'o armatures are exactly opposite, as at K E, the spring 
/, (‘umiuunicatuig with the electro-magnets E E, is iu advance of a 
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tooth wliieh it has just quitted, while r touches the preceding tooth 
and closes the circuit in the coils e' k'. After the tweuty-fouii/h 
part of a turn / quits the tooth, and then r", by touching one in its 
lum, throws the current into the bobbins e" b". In one word, tlie 
circuit will be closed at each yj^^tli of a turn, and will pass by the spring, 
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in contact with a tooth, to the bobbins in front of the armature by 
the same angular distance. The current returns to the negative pole, 
after having excited each pair of magnets, by a common wire. It 
does not cease moreover to act on one electro-mf^et, until it has 
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passed to the next, an ingenious arrangement hy which to lessen the 
spark which is produced by the starting of a fresh current. The 
oxidisation of the contacts caused by this discharge is thus gi*eatly 
reduced. 


§ III.— Vauious AppLTCvrioNs OK Electho-motors 

Electric jiriine movers can never successfully compete in power or 
economy with those in oidinary use, such as steam-engines. None 
have evei been constructed whose force exceeded a single horse-power 
1'he reason of this is given by the principles of the mechanical theory 
of heat. The work of electro-motors is another form of the heat 
which the chemical actions of the battery develope ; but since this 
method of production of heat is much more costly than that which 
consists in bilrniug the coal necessary to the production of steam, 
it necessarily follows that the motive force of electricity is much 
less economical than that of steam Experience has entirely con- 
fiinied this conclusion 

But if electrical engines cannot compete, lu this respect, with the 
steam-engine and other piinie ino\ers; if their employment m 
manufacturer appeals impossible, there are services of another older 
which they can perform, whenever we require, not a particularly 
great force, but one of gteat regiilaiitv and velocity, and capable 
of acting at a gieat distance Under these conditions they have 
A superiority which is increased by the ease with which they aPe sfet 
in action or stopped, the absence of all danger, and the small space 
they occupy. The inventor of the rotatory engine we have just 
described, M. Fromeiit, made use of engines of this kind for the deli- 
cate operations of scientific mecliaiiics, to which be devoted himself. 
He made use of them to move the heels of his dividing engine, afi 
instrument of such extreme precision that It can trace on a tube of 
glass divisions of excessive fineness, up to 1,000 marks in one milli- 
metre. The precision and almost infinite delicacy of this instrument 
make it a marvel of mechanics, as may be judged by the following 
passage in a report by M. Dumas : — 

^‘Wlien we were assembled in London, on the occasion of the 
exhibition, M. Fromeiit, in the middle of the meeting, drew out his 

V V 
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watch and said, ‘ It is now ten seconds to twelve. At the order of 
the clock of my laboratory at Paris my divider begins to move. The 
'diamond traces five marks in the air to put itself in train and to 
warm the oil at tlie junctions and supports. It makes five mseless 
marks on a plate of glass to show that it bites on it. It advances to 
the place where it has to begin its work ; it traces its definite lines, the 
shortest for thousandth parts of millimetres — longer ones every five, 
and a little longer still every ten. It traces five hundred of these. 
It has finished its task, and remains in its place with its point in 
the air ready to recommence. In its turn, the clock indicates thirty 
seconds after twelve, so that when he returns to Paris the master 
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may assure himself that his electric slave has scrupulously obeyed 
lam’” 

We now see that it is not power, but regularity and velocity that 
we may obtain from electricity, considered as a prime mover. It is 
this that has lieen lequired in telegraphy, and almost all the appli- 
cations to which we have referred. We will give a few more 
examplea 

The energy which*excites an electro-magnet, whenever a current 
is thrown into the wires of its bobbins, had been used in thet 
metalluigical operation which consists in sifting certain minerals — 
so as to separate the parts wliich are richest in metal from compounds 
of another kind. We can do this with those metallic oxides which 
become magnetic by roasting or reduction. A machine is made 
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use of, which*' was invented by a French engineer, M, Chenot, and 
which has receive! the name of electric sorter. Fig 429 gives a 
general view of the apparatus 

On the left is a hopper filled with the powdered mineial to be 
sorted, and which drops down through the bottom of the hopper 
on to a metallic sheet rolled round two cylinders ; from thence it is 
carried beneath three vertical wheels provided with electro-magnets 
attached to their circumference These electro-magnets are con- 
nected with a commutator fixed to the common axis of rotation 
When the motion biings this to 
the lower part of the apparatus 
they receive the current and be- 
come active The magnetic part 
of the niineml only is attracted, 
and remains in contact with tlie 
electro-magnets until the moment 
when the current, ceasing to excite 
the latter, passes to the magnets, 
which replace them. Then the 
magnetic parts fall off, while 
the non -magnetic fragments are 
thrown out behind into a second 
hopper. The sorting is thus 
carried on continuously. 

Machines similar in principle 
but having permanent magnets 

Fig 430 — Aohard 8 eloctnc brake mechanism* 

are commonly employed for se- for throwing out of gear 

parating iron and steel filings or 

shavings from those of other metals in engineering workshops 

A modified form of this machine has been designed by the same 
inventor, in which the electro-magnets are fixed, and by means of a 
revolving collector, the magnetic or attracted material is swept off 
into a t)OX placed for its reception. 

A French engineer, M. Achard, has conceived the idea of bor- 
rowing from the active force of a tram in motion the power 
necessary for gradually pressing the blocks of the brakes against the 
wheels of the carriages : and to put out of action the mechanism 
which would acC in this way, ho makes use of the attraction of an 

u TJ 2 
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electro-magnet. The following is one of the solutions oT the problem 
he has proposed, and his system is at work on several lines. 

The axle-tree a of the waggon carries an excentric o, which 
produces the reciprocating motion of the crank B and the oscillation 
of a shaft o, attached to the crank by one arm of a lever. This shaft 
also carries a lever e, whose extremity has a tongue of soft iron p, 
which places itself at each oscillation opposite the poles of an electro- 
magnet E. As long as the current is not. thrown into this magnet 
it has no ])ower of attraction, and it remains hanging by the rod 
which carries it ; but if the brakesman, by means of a commutator 
within reach, closes the circuit of the battery, immediately the 
electro-magnet and tlie tongue are in magnetic contact, and both 
oscillate tc^ether. The suspending rod of the electro-magnet carries 
a catch K, which is kept by a spring r against the toothed-wheel B ; one 
of the eight teeth of this wheel is thus pushed on at each oscillation, 
the wheel turns through an eighth of its circumference, and with it 
the mechanism which actuates the brake. 

We need not here describe the brake itself, it is sufficient for our 
purpose to show how the throwing it into and putting it out of gear 
are effected by the passage or interruption of an electric current. 


§ IV. — MAG^JETo-ELEcrnic Machines.^ 

Few discoveries in physical science have been more important in 
themselves, or richer in practical results, than Faraday’s discovery of 
the induction of electrical cuiTcnts. (Ersted’s grand discovery, \rhich 
linked together electricity and magnetism, had already yielded a 
scientific harvest of uncommon richness. It led immediately to 
the construction of electro-magnets vastly exceeding in power any 
permanent magnets which were then known or have since been made. 
The multiplier or galvanometer of Schweiger supplied a new and 
important instrument for measuring electrical currents, which with a 
little modification became the electric telegraph. Faraday discovered 
the rotatojy character of the reciprocal action of magnets and electrical 
currents; and Ampere showed that all the properties of a permanent 

^ Condsfiaed from the report of a lecture, delivered before the Belfast Philoso- 
phical Society, by Dr. Andrews. — From Nature^ June, 1875. 
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magnet could be explained on the hypothesis of electrical currents in 
a fixed direction circidating around the magnet. A problem which 
proved to be one of surpassing difficulty, and long baffled many of the 
most distinguished physicists of Europe — to obtain electrical currents 
by means of a steel magnet — was in 1831 completely solved in the 
exhaustive memoir by Faraday, in which he announced the discovery 
of the induction of electrical currents. 

Soon after the announcement of these important results, Pixii 
constructed in Paris the first magneto-electric machine. The currents 
were obtained by the rotation of a powerful horse-shoe magnet in front 
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of an armature composed of two short bars of soft iron witli a connect- 
ing crossbar, the latter being surrounded by a long coil of copper wire 
covered with silk. The armature had, in short, nearly the form of a 
horse-shoe electro-magnet. With this machine electrical sparks were 
obtained, and water was freely decomposed. In the lotation of the 
magnet the faces of the armature or electro-magnet became successively 
north and south poles with intermediate conditions of neutrality, and 
the direction of the current changed at every serai-revolution of the 
magnet. An important modification of Pixii’s machine was soon after 
made by Saxton, who caused the armature to revolve instead of the 
permanent magnet. 
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A large machine of this construction, exhibited some years ago at 
the Polytechnic Institution in London, was capable of igniting a short 
platinum wire. 

Siemens’ armature was happily applied by Wilde, iu 1866, to the 
construction of a machine of extraordinary power. When the machine 
was in full action it melted a rod of iron 15 inches in length and a 
quarter of an inch in diameter, and gave the most hiilliant illuminating 
effects when the discharge took place between carbon points. As nearly 
as could be estimated, the mechanical force absorbed iu producing these 
results was from eight to ten-horse power. Wilde’s machines have 
been successfully employed by Messrs. Elkington for the precipitation 
of copper and other metals, and he has lately proposed some important 
modihcations to adapt them to the production of the electric light. 



Fio. 432 -^Paamottt'i marhiue (plan) 


Some years before Wilde’s experiments were published. Holmes 
had constructed on the Saxton principle a powerful magneto-electric 
machine, which has been successfully used at Dungeness and other 
lighthouses, and machines differing little from Holmes’s are employed 
in some of the French lighthouses. In Holmes’s original machine 
forty-eight pairs of compound bar-magnets were arranged for the 
aimatares (160 in number) to revolve between the poles of the magnets, 
and by a system of commutators the current was obtained always iu 
the same directim Fimich engines on tliis principle have been recently 
constructed ly a commercial company, the' Alliance, which has 
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brought them to a high degree of power. Fig. 434 represents one of 
these apparatus as at work in the lighthouse of Hfeve, on the coast of 
La Manche. 

A very solidly-made framework of iron carries several series of 
eight horse-shoe magnets ranged as radii of as many circumferences 
as there are bobbins, opposite to whose armatures of soft iron their 
poles are placed. The eight pairs of bobbins of eacli series of magnets 
are supported on bronze wheels, and the ends of their wires are 
attached to wooden discs or plates fixed to the wheels. A single axis 
of rotation turns on fixed sockets iii the framework and carries with 
it all the discs and bobbins, whose armatures thus pass rapidly before 
the poles of the magnets. An indefinite series of induced currents 
results, which by the arrangements adopted are all in the same 
direction, and together form what may 
be called a continual source of electricity. 

By collecting this electricity by means 
of two wires running to the carbonholders 
of an electric lamp, a light of considerable 
intensity is obtained. 

The first suggestion of a magneto- 
electric machine capable of giving a con- 
tinuous current always m the same direction 
is due to Dr. A. Paciuotti, of Ploreuce, 
whose essential feature was a no\el form racmuuisiniMhme 

of armature to which he gave the name of “ trans\ ersal electro-magnet,'' 
This armature was formed of a toothed iron ring, m m (Fig. 431), capable 
of rotating on a vertical axis, u m, and having tlie spaces between the 
teeth occupied by helices of copper wire covered wdth silk. The wiie 
of the helices was always wound in the same diiection round the ring, 
and the terminal end of each helix was brought into metallic connec- 
tion with the adjoining end of the wire of the succeeding helix. From 
these junctions connecting wires were carried down parallel to the 
axis of the machine, and united to insulated plates of hi ass, of which a 
double row, as shown in the figure, were inserted in a wooden cylinder, 
e, which was itself firmly attached to the lower pait of the axis. The 
current entered through the successive brass plates as they came into 
contact with a small metallic roller, k, which was in communication 
with one pole of a voltaic battery. At the point of junction with the 
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-wires of the helices, the current from the battery divided into two parts, 
which respectively traversed in opposite directions the connected 
helices, each through a semi-diameter of the ring, and finally left the 
machine on the opposite side by a second roller, h, which was in con- 
nection with the other pole of the battery. When the connections were 
made, the iron ring began to rotate round its axis with considerable 
force. In a trial in which the current was supplied by four small 
elements of Bunsen, a weight of several kilogrammes was raised. In 
the apparatus as actually coustrncted, the poles of the electro-magnet 
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were enlarged by the addition of two segments of soft iron, aa, bh (Fig. 
4.32), which extended over the greater part of the iron ring. The details 
of the construction of the transversal electro-magnet will be easily 
understood from the plan given in the figure. 

The results lie obtained were not great, but were sufficient to 
enable him to announce that a magneto-electric machine could lie 
constructed which would have the advantage of giving the induced 
currents all in the same direction, without the help of mechanical 
arrangements to separate opposed currents or to make them conspire 
with one another. 


CHAP, vn.] MAQNETO^ELECTRIG MACHINES. 


665 


In 1871 M. Jamin communicated to the French Academy of 
Sciences a short note by M. Gramme on a magneto-electric machine 
which gave electrical currents always in the same direction by the 
revolution of an electro-magnetic ring between the poles of a per- 
manent magnet. The construction of the electro-magnetic or ring 
armature in Gmmme’s machine differs in some mechanical details 
from that of the transversal electro-magnet of Facinotti, and the 
serious mistake of applying the rubbers which carry off the current 
at the wrong place is avoided. We must therefore regard the Gramme 
machine as the first effective magneto-electric machine constructed to 
give continuous currents all flowing in the same direction. 

The construction of the ring armature in Gramme’s machine will 
be readily understood from Fig. 435, in which it is represented in 



iFirt 4Jr* — Oroinnie annatnre 


(hflerent stages of its coiisti uction, so as to show the manner in which 
the principal parts are connected. At a a section of the iron ring 
itself is shown, composed of a bundle of iron wires ; at B B the helices, 
or bobbins, are seen both in section and detached ; and at E K the form 
is shown of one of the insulated copper conductors, to which the 
contiguous ends of tlie wires of tlie helices are attached, and from 
which the current is drawn off by means of rubbers or brashes foi-med 
of flexible bundles of copper wire. These brashes are so applied at 
the neutral positions of the ring that they begin to touch one of the 
conductors, R, before they have left the preceding one. In this way 
no actual break or interraption occurs in the current The permanent 
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magnets employed in the smaller Gramme machines are on the 
improved construction of M. Jamin. 



Fio. 4B6.~Onuiiine lotchine for metallic precipltAtioiis. 


Fig. 436 represents a machine constructed with electro-magnets in 
1872 by M. Gramme, which, with six others of the same kind, is in 
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With a small ODgine of one-horse power, one of them will deposit 
600 grammes of silver per hour. By some recent modifications in its 
oonstructiou this machine has been improved so as to increase the 




668 THE APPLICATIONS OF PHYSICAL FORCES, [book v. 

weight of silver deposited ' per hour to 2,100 grammes, or above 4^ 
lbs. In Figs. 4; >7 and 438 we have the forms of the Gramme machine 
now in use for the production of the electric light. They are im- 
provements on the machine which was tried on the Clock Tower of 
Westminster Palace. It produces a normal light of 600 Carcel 
burners ; but, by augmenting the velocity, it is asserted that the 
amount of light may be doubled. It does not becoipe heated, nor 
does it produce any spark where the brushes are applied. 

In Fig. 438 we have the latest improvements devised by M. Gmmme 
for producing the electric light. In this machine there are only two 
bar electro-magnets and a single movable ring placed between the 
electro-magnets. Its weiglit is 183 kilogrammes, and the entire 
weight of copper used in its construction, both for the ring and for 
the electro-magnets, amounts to forty-seven kilogrammes. Its normal 
power is about 200 Carcel burners, but this can be greatly augmented 
by increasing the velocity. 

]3y uniting two or more machines together, electrical currents of 
higli tension may be obtained. But a more useful arrangement is to 
divide into two each ring, so that the two halves may be joined either 
for quantity or tension, and varied effects thus obtained from the same 
machine. This is effected in the following manner. Suppose the 
machine to contain sixty bobbins or helices round the ring. If the 
entrance of the thirty alternate bobbins is placed on one side of the 
ring and of the thirty other bobbins on tlie other side, there will he 
in isealky two rmg-armatiires in one, interlaced as it were into each 
other; and by collecting the currents by means of two systems of 
rubliers. one to the right and the other to the left of the ring, we may 
obtain from each one half of the electricity proiluced by the rotation 
of the ring. By applying tliis principle to machines for producing the 
electric light, the same machine may give two distinct lights instead 
of one. In its industrial applications, this is a point of capital im- 
portance. The use of the electric light is at present greatly interfered 
wdth by its excessive brightness, and the deep shadows which by 
contrast are produced at the same time. These defects will be to 
a large extent remedied by the use of two lights, so that the shadow 
from one may be illuminated by the other. It is proposed to use four 
electric lights, each of the strength of fifty Carcel burners, for lighting 
foundries and large workshops. 
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The tollowiiig is a description of Messrs. Siemens’ electric light 
apparatus. It is a complete apparatus by itself, in which the core of 
the armature is fixed, aud tlie wire-helix alone caused to rotate. By 
fixation^of the anliature core great inductive power is obtained, and 
consequently powerful cttiTents. With about 380 revolutions of the 
wire-helix per minute, and nine to ten horse-power, a light equal to 
14,000 candles is obtained. 

In this machine (shown in Figs. 439 and 440) the conductor, by the 
motion of which the electrical current is produced, is of insulated 
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copper wire, coiled in several lengths, and with mai^y convolutions oh 
a cylinder of thin German silver, and in stich a mahner that each 
single convolution describes the longitudinal section of the cylinder. 
The whole surface of the metal cylinder is thus covered with wire, 
forming a second cylinder closed on all sides (a, h, c, d, Fig 440). 

This hollow cylinder of wire incloses the stationar)' core of soft 
iron (n s s' n Fig. 440) which is fixed by means of an iron bar in the 
direction of its axis, prolonged at both ends through the bearings of 
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abont two-Uiirds of iU surface, are the curved iron bats (n n' s b' Fig. 
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440), separated from the stationary iron core by space only sufficient to 
permit the free rotation of the wire cylinders. The curved bars are 
themselves prolongations of the cores of the electro-magnets (e E e e), 
and the sides of the two horse-shoe magnets (no — s, m and no' — 
are connected by the iron of the two standards {om and o'm'). 

As the coils of the electro-magnets form a circuit with the wires of 
the revolving cylinder, the revolution of the latter causes a powerful 
current to pass into the electro-magnetic coils, this again inducing a 
still more powerful current in the wires of the cylindrical armature. 
The iron core of the cylindrical armature being very close to the poles 
of the electro-magnets, becomes itself an intensely powerful transverse 
magnet of opposite polarity to the electro-magnet. The cylinder of 
wire thus revolves in a very intense magnetic field. 

These electrical currents are collected on two metal rollers or 
brushes, so that at two points diametrically opposite the single sectors 
pass under the rollers or brushes with elastic pressure giving up to 
them their electrical charge. 

A slight increase of speed in the rotation of the wire cylinder is 
followed by a considerable increase of current, but as the current 
increases, so does the resistance to I'otation ; and this very rapidly. 
In addition to this, heat is dev(*lopcd to such an extent, that care must 
be taken not to exceed a certain limit, otherwise, the insulation of the 
coils would be destroyed. Were it not for this drawback almost any 
amount of current might be produced with suitable driving power. 

As the external resistance affects the strength of the current the 
speed must be varied accordingly, being greater as the external resis- 
tance is greater, and vice vend. With an electric lamp in a circuit of 
small resistance, if the machine is intended to work continuously, the 
revolutions of the wire cylinder per minute should not exceed 370 to 
380. The temperature of the machine will then be at a maximum in 
about three hours ; and during work will remain constant. At this 
speed the driving power is about eight indicated horse-power, while 
the intensity of the light, unaided by reflector or lens, has been shown 
by various photometers to be equal to 14,000 normal English candles. 
A more intense electric light cannot be obtained, as any increase in 
the current splits up even the best carbon. 

The conducting wires from the machine to the lamp should be of 
copper, offering very little resistance, and at the same time possessing 
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a high electrical conductivity. If the lengths of the two wires do not 
together exceed fifty-five yards, then a wire of 0*157 inches diameter 
and of high conductivity will suffice. For longer distances it is 
advisable to use a strand of laiger diameter. 

The lamp used with the machine is regulated without clockwork, as 
the employment of the latter has not only been a source of numerous 
failures and difficulties, but is liable to disarrangement upon the 
least rough usage. The lamp of itself regulates the carbon points, 
keeping them at a uniform distance, and thus a perfectly steady light 
is produced. 
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CHAPTER VIII. 

THE EIH^TKir LKHIT. 

§ I — Rk^julatobs or Elkctrio Lvmp«. 

A FTILR the li^ht of the siui the most dazzling light that can he 
produced artificially is the electric light. This is obtained by 
the incandescence of two carbon poles completing the circuit of a 
powerful battery or of a magneto-electric machine. Attempts have 
l)een made to utilise this light for a great number of industrial, 
military, and scientific purposes, as also for the lighting of streets 
and squares, for works which must be continued through the night, 
for submarine constructions, works in the galleries of mine?, military 
and marine reconnoitring by night, lighthouses, and for particular 
effects of decoration in theatrical representations. In most of these 
various applications success has crowned the endeavours that have 
been made, but not without calling for special reseaiches and the 
overcoming of special difficulties. 

One of the chief of these difficulties consisted in the discontinuity 
of the light caused by the separation of the poles due to the combustion 
of the carbon. It is known, in fact, that when the light is produced, the 
current carries over from one cone to the other excessively fine portions 
of matter — one of the carbons appears to elongate at the expense of 
the other ; but in reality, as combustion is in question, the distance 
between the two points goes on increasing; in proportion as they are 
blunted the current grows weaker, the intensity of the light decreases, 
and at the end of a certain time deases altogetlier. In the case in 
which the current employed is that of a galvanic battery, and is therefore 
always in the same direction, the wearing aw’ay of the cones of carbon 
is in the ratio of one to two ; the positive pole l>eing used the quickest. 

X X 
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If the iustniment employed is an magneto-electric induction apparatus, 
in which the current changes its direction at each revolution, each of 
the carbons is alternately positive and negative ; the wearing away is 
the same. In every case it is obviously necessary, in order to obtain a 
continuous source of light, to maintain the points of the two cones 
at a sensibly constant distance; and this is attained by means of 
ipparatus called retjviatorz. 

The principle by which the r^ulators of the electric light work 
is that the current itself regulates the distance between the carbons ; 
it is especially charged to bring together the points, and to keep them 
at a suitable distauce. For this purpose it is made to travei-se the coils 
of the bobbin of an electro- magnet, and an armature of soft iraii 
comes in contact with its poles when the current has a sufficient 
intensity — that is to say, so long as the extremities of the carlwn 
cones are sufficiently near to give rise to a light of suitable intensity. 

If we once understand the principle of the regulators, the tiist 
idea and first realisation of w'hich are due to L(^un Foucault, there 
will be no difficulty in understanding the mechanism and w’orking 
of the apparatus in general use. 

First let us speak of I)ul)osc(}’s regulator, which has been 
invented for using the continuous current furnished by the battery. 
This clever and ex])erieuced constructor had in view chiefly the 
scientific applications of the electric light; and those who have 
attended the public lectures ou physics at the Sorbonne and 
elsewhere may remember having seen it at work in the experiments 
or in projecting microscopic objects on the screen. The carbon jioles 
thus supplied the place of the aksent rays of the sun. 

Fig. 441 represents this regulator. 

c and c' are the two carbon points between which the luminous 
arc leaps. The current w'hich causes the production of the light 
leaves the positive pole of the battery to enter by the binding screw 
B, passes through the wire of the bobbin of the electro-magnet BB, the 
rod T passes on from c to e, and thence, by the rods t' and s, to the 
screw r', which is in communication with the negative pole to the 
battery. 

A movable contact K, placed opposite the soft iron nucleus of the 
electro-magnet, is attracted by the poles of the latter when the 
current preserv'es a sufficient intensity, that is to say, when the carbons 
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are sufficiently near together. The contact then rests on the horizontal 
arm of the bent lever L, movable about f'. The vertical arm L of 
this lever, by the intervention of a shorter lever Im, stops a toothed 
wheel, which carries the regulating fly ” g of the wlieel-work. The 
motion of the wheel-work is then arrested as long as contact continues. 

The wearing away of the carbons, and their consequent too great 
separation, enfeebles the current, the antagonistic spring s carries awaj^ 
and separates the armature from the poles of the electro-magnet, and 
the wlieel-work is set free. The wheels p/?' are then put in motion, 
and the two racked rods s and T move in opposite directions ; the 
carbons c and c are drawn together, the current and the luminous arc 
recover their original intensity, which causes a fresh contact of the 
armature and stoppage of the wheel-work, and so on. The toothed 
wheel which drives the rack T has a radius double of that of the 
wheel which brings down the rack s In this way the positive 
carbon moves twice as far as the negative carbon, and the luminous 
arc remains at a coi^stant height. 

We must pass on now to Foucault’s and Serrin’s regulators, both 
used in the industrial applications of the electric light. Fig. 442 
repi’esents the first of these apparatus. 

The racks H and D which carry the carbons are arranged pretty 
nearly as they are in Duboscq’s regulator; only the toothed wheels 
that move them can turn in two opposite directions, because they are 
connected with a double clockwork movement, one part of which is 
stopped, while the other goes. On this account the carbon cones are 
able either to approach each other, or, on the contrary, to separate. 
The automatic recoil of the carbons disi)enses with their being put in 
position by the hand, and prevents their accidental contact, from which 
would result an extinction of the luminous arc. 

The two wheel-work arrangements are provided with two fly- 
wheels 01 star-shaped regulators o o', on each of which the head t of 
the lever T, acts alternately, obtaining its motion from the annature of 
the electro-magnet E. When the “ fly ” o is caught, the correspond- 
ing wheel-work is stopped, but then o' is set free, and its wheel-work 
is put in action ; an inverse motion of the armature and the lever t 
produces the contrary effect. We will now explain under what 
circumstances, and by what mechanism, these contrary motions are 
produced. 


X X 2 
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F is the armature which the poles of the electro-magnet E draws 
into contact, provided that the intensity of the current depending on 
the distance of tlie carbons is sufficient to overcome the power of the 
antagonistic spring R. This latter does not act directly on the branch 
p of the lever F, but on a lever situated above, and movable at x. 
When the current has its normal intensity, the rod T is vertical, and 
the two trains of wheels, both stopped, are imnmvable. When 
the current grows weaker f leaves the poles, the branch T inclines 
towards the right, stopping the fly-wheel o\ and the wheel -work to 
the left of the figure, which draws the carbons together, is put in 
motion. The current gi'adually regains its strength, the lever moves 
in the opposite direction, and if tlie intensity increases beyond a 
certain limit, that is to say, if the carbons approach each other more 
than is necessary, the wheel-work producing a recoil is put in 
motion, while the other is stopped. By the aid of a screw, which 
acts on a lever R, the tension of the spring can be suitably regulated 
to the intensity of the current employed. Finally, by modifying one 
of the parts of the mechanism, w'e can make the velocities of the 
two points equal, or make the positive carbon move twice as fast 
as the other. This regulator can therefore W’ork just as well with 
a battery us w^ith a magneto-electric machine. 

The lever x, which acts on the branch P of the armature, has its 
under surface slightly curved, so that the point where the lever acts 
changes in position; the action of the spring is therefore also variable, 
and varies according to the intensity of the current. Since the 
curvature in question is very slight, the resulting oscillatory motions 
of the armature are themselves very small, so that the approach and 
separation of the carbons takes place by almost insensible gradations, 
and there is a remarkable constancy in the light. 

In Serrin's regulator (Fig. 443) the upper carbon-holder a b has a 
rack which works into the toothed wheel F ; it tends to descend by 
its own weight, and to make the carbon c descend, and also to turn 
the toothed wheel. On the axis of the latter is fixed a pulley a, 
which by means of a chain and a turning pulley J cpmmunicates an 
ascending motion to the rod K K, which carries the lower carbon. 
This motion takes place so long as no current passes, and thus draws 
the carbons into contact. When, however, the circuit is closed and 
the current is introduced into the apparatus, the electro-magnet E 
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attracts a soft iron cylinder A ; this latter foims jiart of an oscillating 
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with it the carbon carrying tube KK, to which it is attached. A 
triangular-shaped piece d of the oscillating system then conies against 



Fig. 443.-*Seirlii t regulatur 


one of the tonguea of the catch-wheel e e, which causes a stoppage 
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of the wheels. The two carbons then separate^ and an instantaneous 
formation of the voltaic arc takes place, and the lamp now begins 
to work. 

But by degrees the carbons consume, and their distance increases, 
the voltaic arc grows larger, and the intensity of the current diminishes 
by reason of the increase of resistance ; the energy of the soft iron 
of the electro-magnet thereby ^ows less, and the attraction is dind- 
nished upon the armature A, which then yields to the action of the 
antagonistic springs B. The oscillating system then rises, draws up 
the catch d so that the catch-wheel is disengaged, and the wheels 
work again. Thus the carbons approach each other once more, 
increasing the intensity of the current and therefore the attraction of 
the armature, and so on indefinitely until the carbons are too much 
worn away and have to be renewed. The working of the lamp and 
the duration of the light produced are thus insured continuously, and 
depend only on tlic carbons being selected of the proper length, con- 
sidering the time for which the illumination is to continue. 

The current arriving by the connection to the tube A B, passes from 
the upper to the lower carbon, follows the tube K K, and by an undu- 
lating band e enters the bobbin of the electro-magnet ; whence it goes 
to the binding- screw which in turn communicates with the negative 
pole of the battery or of the magneto-electric machine. 

We should add that the diameters of the wheels f and the pulley o 
are calculated to have the same ratio as the distances passed over 
by the carbons, which will be unequal if their wearing away is so, 
so that the luminous point may always be maintained at a constant 
height 


§ 11 .— Electric Lighthouses — Variot^s Applications of the 
Electric Light. 

One of the most important applications of the electric light is 
certainly that of the illumination of lighthouses. First-class oil 
lamps, thanks to the admirable lens arrangements of Fresnel, have, in 
ordinary times, a range quite sufficient for the service of the coasts, 
but not so on nights when the air is foggy, and which are precisely 
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those on which it is of the greatest impoitaiice to sailoi's to be 
sure of their position. The increase of the number of Carcel lamps 
does not solve the difficulty, for the range depends not only on the 
apparent diameter of the light, but on its intrinsic illuminating power. 
The employment of the electric light, the intensity of which is so 
considerable, naturally suggested itself; but its application was not 
possible until a suitable regulating apparatus and machines capable' 
of pioducing a sufficient amount of light had been discovered. 
Regulators such as Serrin’s or Foucault’s satisfied the firat of these 
conditions ; Magneto-electric machines have enabled us to satisfy the 
second. 

The Alliance magneto-electric engines of the lighthouse of La H^ve, 
on the Straits of Dover, are set in motion by two steam-engines of 
five-horse power between them ; with a velocity of rotation of four 
hundred turns a minute the maximum intensity is obtained. The 
light (reduced to the horizon) produced by a machine with four discs, 
equals that of 3,500 Cai*cel lamps ; with a machine of six discs, the 
effect of 5,0(X) lamps is obtained, with a range of twenty-seven 
nautical miles, or fifty kilometres. This powerful source of light 
results from the association of the induced currents which arise from 
the instantaneous action of forty-eight magnets on the ninety-six 
mo\dng bobbins in each magneto-electric machine. 

Four of these Alliance machines are at work in the lighthouse of La 
H^ve. All the apparatus is in duplicate, in order that the immediate 
substitution of one lamp for another may not produce any discontinuity 
of the light. The lamps are set upon little pairs of rails, ending in 
the centre of the lenticular apparatus, fixed one alongside the other in 
the same lantern. The regulators employed are Serrin’s. This new 
method of illuminating lighthouses has been recently adopted along 
the Suez Canal. 

Not only does the electric light produced by electro-magnetic 
machines surpass in intensity that afforded by oil-light apparatus in 
the ratio of five to one at least, giving a light equal to 400,000 candles, 
but it is also more economical.^ While a lighthouse provided with 
ordinary first-class lamps costs three francs seventy cents an hour, an 

* M. Van Mslderen is about to construct a new pattern of engines with four 
discs, whidi will be more powerful, with equal velocity, than the old ones with six 
discs. They gi>e the light of 230 Carcel lamps instead of 180, 
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electric lighthouse such as those of the H6ve ouly costs two francs 
seventy-nine cents with a machine of four discs ; and for an eciiial 
intensity the net cost is only one-seventh This, however, is for a 
service in which there must be no interruption. In industrial apjdi- 
cations the net cost would he certainly still less, j)rovided always tlait 
the light was employed not less 
than ten hours a day In the 
cases where the motive force can 
be borrowed from powerful engines 
which are working for other pur- 
])Oses, as in many manufactories, 
the electric light — as M. Eoux ^ 
also has remarked — would scarcely 
cost any more than the original 
outlay for the magneto-electric 
machine and the regulator. 

In the new o]>era-hoiiae in 
Paris the electric light is throwm 
upon the stage by means of a 
Bunsen batterj^ of 360 elements 
which is established in a room on 
the ground-floor, M. Dubosq has 
here arranged six tables, each 
supporting a Bunsen battery of 
sixty elements. This battery is 
placed upon the table, which is 
made of very thick unpolished glass that cannot be injured by the 
acids. The elements are arranged in four rows of fifteen each. The 
table is provided underneatli with a board which supports a large 
I'ectangiilar basin, in Avhich the plates are placed after they have 
been used. The jars of the battery, filled with nitric acid, are, 
after being used, jdaced in a tub containing the acid, and closed 
with a wooden lid. 

In order to work a battery of such power under favourable 
conditions, M. Dubosq has had to make special arrangements for the 

* IfM Magmio-iUcinqiiem Fraii^aiHeSf et V Applhcation cU VEkctricUf d 

PEelairage des Pharesy two lectures delivered before the Society lor the Encoun^ge- 
inent of National Industries, 
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preparation of the sulphuric acid solution as well as for the zinc 
amalgams necessary to put the system of batteries in action. 

At the right corner of the electric room is a large reservoir, of the 
capacity of about one cubic metre, where water mixed with one-tenth 
of sulphuric acid can be stored. A spigot permits this liquid to run 
into a vertical siphon formed of a large tube, into which an areometer 
is plunged to ascertain its quality, and make sure that the preparation 
has been made in the proper proportions. The reservoir is furnished 
at its lower part with an earthenware pipe, which is conducted along 
the walls of the room opposite the six-battery tables. Beside each 
table an earthenware spigot enables the operators to run the liquid 
into earthenware jugs, from which the battery-jars are filled with the 
liquid. 

M. Dubosq has obviated the dangerous action of the nitrous 
vapours by placing here and there upon the piles saucers containing 
ammonia, which condenses them. 

The electric wires are conducted along the wall at the bottom of 
the room, where they traverse six galvanometers (Plate XX.). Each 
of these galvanometers indicates, by means of the needle with which it 
is provided, the condition of the battery to which it corresponds. The 
six insulating wires, after leaving the six galvanometers, pass along the 
walls to the stage, where the curients which they carry may be 
utilised either singly or by twos or threes, according to the degree of 
intensity which it is wished to give to the light. The distance which 
the current runs from the electric room to the most distant point of 
the stage is about 122 metres; the total length of all the wires is 
about 1,200 metres. 

M. Dubosq, imitating the system of telegraphic wires, makes use 
of the earth as a return current ; one of the poles of each battery is in 
communication with the iron of the building. Without this arrange- 
ment it would have been necessary to double the length of the wires. 

In most instances M. Dubosq places his electric lamp on one of 
the wooden galleries which run along the higher regions of the 
scenery above the stage. It is from this artificial sky that he darts 
upon the ballet the rays of his electric sun, or, decomposing the light 
by means of the vapour of water, he throws upon the stage a veritable 
rainbow, as in Moses; again, it is thus that he causes the light from 
the painted windows to fall upon the flags of the church where 
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Margaret is in the clutches of remorse. Sometimes the electric 
apparatus is placed on a level with the stage, when it is sought to 
produce certain special effects, such as that of the fountain of wine in 
Gounod’s opera. 

Electric illumination has been applied to ships, and the experi- 
ments that have lately been made in the steamers of the Compagme 
G^nirale Tramatlantiqtie have proved so successful, that the time 
cannot be far distant when every ocean-going ship, whether belonging 
to the royal navy or to the mercantile marine, will have to carry an 
electric light for showing rocks or icebergs two or three miles ahead. 



Fia. 44*5 —The eleetnc light apphod lo at night 


in order to avoid collisions and to facilitate entering or leaving 
port. 

The illumination of the galleries of mines by electricity has also 
been perfectly successful. Experiments have been made during 
seventeen days and nights in the slate quarries of Anglers under the 
direction of M. Bazin, and they have given excellent results. 

We must not forget the employment of this powerful means of 
illumination in works carried on at night. The first attempt of this 
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kind dates from the reconstruction of the Notre Dame bridge at Paris. 
Since then the electric light has been made use of in the construction 
at the Louvre and the bridge of Eehl. 

Tire electric light has also been employed upon the Clock Tower 
of the Houses of Parliament in London, as a signal light to show to 
members outside by its illumination that the House is still sitting. 
The source of electricity in this case was the dynamo-electric 
machine of M. Gramme. 

The machine employed w’as driven by a two-horse-power engine 
at a speed of 320 revolutions per minute, and produced a light equal 
to 7,000 sperm candles at a cost of about one shilling per hour. The 
machine was placed in the basement of the building, and was connected 
with the optical apparatus at the top of the tower by thick copper 
wires, through a distance of 900 feet. 

As the extinction of the light indicates the adjournment of the 
House, it became of paramount importance to insure the absolute 
continuity of the light, and as the longest carbons last only about five 
hours, and the House frequently sits for ten, a special apparatus had 
to be employed, which was designed by Mr. Conrad Cooke, under 
whose directions these experiments were conducted. Two Serrin 
regulators are carried side by side upon a miniature trolley, underneath 
which are two sets of copper springs, so adjusted that when one lamp 
is in position in the focus of the optical apparatus, its corresponding 
springs are in metallic contact with two studs, which are the terminals 
of the wires leading from the machine. The lamp is by that means 
thrown into the circuit and the light is established. When the car- 
bons are nearly consumed the trolley is quickly shifted from right to 
left, or vice versd, and the springs of the second lamp come into contact 
as the others are run off. The break of continuity is but momentary, 
but this does not affect the light, as the time is too short for the 
incandescence of the carbons to subside. 

Other less successful attempts have been made to use it for 
the public illumination of large towns. It was first attempted 
to replace the numerous gas-lights in the squares, quays, and 
streets by a powerful electric-light, the rays of which were thrown 
by reflectors over the whole space to be illuminated. The effect 
was brilliant, but disastrous, and for this reason. The electric-light 
is distinguished by an extreme intensity, but for this very reason its 




PliATB XXI >THB BtiBCTRIC UOHT DURING THR SIRGB OP PARIS 
fetation at 11, e Barrier of Montmartre ( Vlliance maclunesX 



CHAP, vni.] 


THE ELECTRIC LIGHT 


689 


brillancy is unsupportable. On dark nights it has the same effect 
as lightning. Another great disadvantage arises from the circum- 
stance of one single blaze replacing a multitude of luminous points, 
which results in a startling contrast between the strong light on 
illuminated objects and the dark and hard shadows thrown on the 
unilluminated parts. In a word, the light by this system is not 
diffused on all sides, and the attempted substitution of several lights 
for a single one only diminished these inconveniences without 
destroying them.^ 

Although, however, the electric light does not appear to be 
applicable to public illumination under ordinary circumstances, it 
may, on the contrary, be advantageously employed at f(^tes 

But a more important and useful application was that made 
of the electric light during the siege of Paris for reconnoitring the 
works and operations of the enemy at night. Apparatus was fixed 
for this purpose on Mont Valerien and on the barrier of Mont- 
martre. At this latter station the light was produced by an Alliance 
magneto-electric machine. A parabolic reflector, having its focus 
at the point where the carbon points produced the light, threw the 
beam of light to a distance, in a direction which might he changed 
at pleasure, according to the orders of the officers charged with these 
reconnoitrings. 

Plate XXII. shows the Siemen's dynamo-electric light apparatus 
as arranged for Field Service, an employment which is certain to be 
found for it in future campaigns. 

We shall conclude what we have to say upon the electric light 
and its applications by recalling vvhat we have already said on its 
advantageous employment for microscopic projections, as well as its 
use in photography. In both these cases the electric light makes 
up for the absence of the sun. We shall also say a word on the 
electric lamps that have been invented for illuminating mines, and 
are at the same time safety lamps ; the lighi produced in this apparatus 
is not the voltaic arc leaping between two carbon cones — there is no 
necessity in this case for so considerable an intensity. 

1 Doee not this enervating action of the rays of the most refrangible part of the 
Rpectram di^nd in some way on the extreme rapidity of the undulations of the 
ether which they produce, which agitate the retina and optic nerve with excessive 
energy^ 
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are tbua adapted to be safety-lamps, such as that represented iu 
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Fig. 446. A capillary tube twisted into a spiral is placed in a 
glass cylinder ; two platinum wires communicating with the bobbin 
are cemented to its two extremities, between which the successive 
discharges take place, as in Geisler’s tubes. The lamj) is attached 
to a box containing the induction apparatus and the battery. 
(Fig. 447.) 

This system of illumination preserves the miners from all 
danger. In fact the luminous beam is produced in a vacuum 
without any communication with the air contained in the glass 
cylinder, and much less with the air of the mine, besides which, 
if the apparatus is broken, the entrance of the air immediately 
destroys the spark, and with the extinction of the light all danger 
of fire disapjiears. 


§ 111. — Bi.ASTiNCJ IN Miner. — Torpeoofs 


The blasting of chambers in mines by tlie old methods is often 
a dangerous operation, and llie accidents caused by it from 
time to time are unhappily too serious for us not to attempt to 
prevent them. In order to set fire to the powder inclosed in the 
chambers the process was as follow s : — Communication with the 
interior of the mine was effected by longer or shorter trains 
of powder placed on the surface of the ground, or by canvas tubes 
full of powder, technically called fuses. Then at the end of 
the train was placed tinder lighted at the end, outside the mine, 
the dimensions of this tinder being calculated so that the workmen 
in charge of the operation might have time to get away. It w^as 
useless to insist on the danger of too sudden a kindling; often 
it was the delay of the kindling that caused the accidents, espe- 
cially if several mines were blasted at the same time and it was 
not known in which the explosion had not yet taken place ; or 
lastly, if any trains W’ere supposed to be gone out, when, in reality, 
they were not 

By making use of currents, and of the spark which is pro- 
duced at the moment the circuit is closed at a distance, all danger 
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ought to disappear, and in fact has disappeared. Sometimes 
a battery and sometimes Buhmkorff’s induction coil is used for the 
purpose, and sometimes again induced currents from magneto-electric 
engines 

In the beginning ot tins new apjdication of electricity the battci y 
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wa" always used TJut a powerful batteiy was required, and metallic 
conductors of a great diameter. A platinum coil embedded in the 
powder is brought to incandescence when the circuit is closed, and 
the explosion takes place ; a battery composed of bichromate of 
jKitash elements is now used, inclosed in a box, and so arranged that 
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a very simple mechanism plunges all the zincs into the liquid at the 
same time. This process, which had l)een abandoned for those we 
are about to describe, has for several years past been resumed and 
improved. 

The metliod of blasting by the spark from Ituhmkortf’s induction 
coil was inaugurated at the great works at Cherbourg. Tliis method, 
proposed by M. Du Montcel, was not at first successful ; the 
heating powei* of the spark at tlie distance at wliicli it was necessaiy 
to make tlie ex])losioii was not sufficient, to kindle tlie powder. 
Fortunately an English engin(*er, Mr. Stathain, invented a fuse 



wliose infinniniability is Tniich greater than that of ordinary fns(\s. 
M. liulinikorff' adoj)ted tlie new invention, and success coiniiletely 
crowned his attempts. This new kind of fuse is arranged as 
follows : — 

It consists of two pieces of red copjier wme, inclosed in gutta- 
percha covering, the free extremities, A b, of which, after being twisted 
back, are introduced in a kind of Auilcanized gutta-percha capsule.^ The 

^ That is, combined with sulphur ; contact with a copper wire forms a verj^ 
inflammable deposit of sulphur. 
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two ends ore brought to a distance of one or two millimeti*6s in a kind 
of box, c D, which is filled which powder, after having covered the 
points with fulminate of mercury. “ The first trial on a lai^ scale,” 
says M. Du Montcel, of the application of RuhmkorfiTs induction 
apparatus to mines was made in 1853 by the Spanish Colonel Verdu, 
in the workshops of M. Herkmann, a manufacturer of gutta-percha 
covered wire at La Villette. Experiments were made successively 
on lengths of wire of 400, 600, 1,000, 4,800, 5,000, 6,400, 7,600, 
25,000. 26,000 metres, and the success w’as^in every case complete, 
whether the circuit w^as composed of two wires, or the return current 
was carried by the earth. Only two elements of Bunsen’s battery 
were employed in these experiments .” — dcs Ajyplications de 
r Electricity, t. iii.) 

In order to* explode large mines — that is to say, chambers filled 
with hundreds or thousands of kilogrammes of powder in several 
cavities in communication with each other, so as to obtain their nearly 
simultaneous explosion — a commutator is used, the handle of which is 
successively put into contact with the copper wires connected with 
each chamber. The explosions thus take place one after the other, but 
at such small intervals that they might be thought simultaneous. The 
employment of electricity for blasting mines is not only advantageous 
in the matter of ‘security, it effects also a considerable economy (as 
much as 60 per cent.) on the old method of trains, by the ease with 
which, by its means, gigantic mechanical effects due to simultaneous 
explosion can be produced. In 1854, in the works for hollowing 
out the basin for the port of Cherbourg, it required the explosion 
of six mines to detach at one blow a mass of rock of 60,000 cubic 
metres. 

The following is an exploding app&raius whose calorific power is 
due to the development of induced currents and of the extra magneto- 
electric current Its invention is due to M. Br^guet An electro- 
magnet has its poles opposite those of a powerful compound horse- 
shoe magnet, so arranged as to have their poles turned in opposite 
directions. The result of this, in the horse-shoe of the electro- 
magnet, is a magnetisation which is made stronger by means of a 
fixed armature. In front of this is a piece of soft iron, kept in 
contact with the armature by an antagonistic spring, and which 
can be separated suddenly by the rapid motion of the button 
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on a handle. This separation, by the restdting diminution of force 
in the armature of the electro-magnet, gives rise to an induced 
current in the wires of the coil, and also to an extra current whose 
intensity is added to that of the induced cuiTent. It is chiefly the 
power of the extra current which is used for the production of 
the spark, and M. Breguet has invented an arrangement which 
enables this power to be used at the precise moment it has attained 
its maximum value. 

For this purpose a spring band, in contact with a screw, does not 
leave it till the cessation of motion of the piece of soft iron. Now 



Fig. 451 — IfngLetic exploder for blasting mines— Breguet’s sjstrni 


the wiles of the electro-magnet end, one in the screw, and the other in 
the spring, so that as long as the contact lasts the circuit remains closed 
upon itself, and the extra current arrives at its maximum when the 
contact ceases, and at that moment the discharge is made across the 
circuit ending in the mine. 

To avoid accidents when the apparatus is put into communication 
with several mines, a bolt stops the motion of the handle and it 
cannot be worked, until, all being ready, the bolt is drawn. The signal 
may then be given without fear. 

The apparatus which we have just described may be, and in fact 
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is, employed not only to explode mines, but to kindle at a distance 
any dangerous machines or gaseous matters such as fire-damp, or even 
simply to light gas-jets to serve as signals. A naval officer, M. Tr^ve, 
has proposed the adoption in the fleet of a nautical telegraph, to 
displace the night signals which ai'e now made, as is known, by means 
of lanterns. These lanterns consist of lamps ])rovided with Fresnel 
lenses similar to those of lighthouses, which are hoisted on one or 
two halliards on the most elevated part of the shij). The lighting of 
these lanterns and the movements necessary to 
put them in place occupy considei’able tinu*. 
M. Treve has ju’oposed to render this kind of 
communication more ])rompt by rejdacing the 
candles of the lamj)S by gas. 

The setting fire to exjdosive matters at a dis- 
tance by electricity, serves again for the protection 
ot port^ and the neighbourhood of fortified places. 
Every one has heard of those formidable engines 
called torpedoes, the cxjilosion of which is so 
teiTible that a single one (if made on jmrpose) 
could sink the greatest navy. TorjKMl(»es played 
an important part in the War of Secession in 
the United States : a considerable number of ships 
owe to them theii destruction. Tlie American 
tOTjiedo is arranged in the following way : — 

Tlie engine in question is a tin box of a 
capacity of forty-five or fifty litres, divided into 
two parts by a transvei’se jiartition : one of these 
jiails receives the charge of jicwder, the other is the air chamber. 
An iron rod, buried in the powder and capjied by a capsule, receives 
a blow from a hammer when a ship, in passing alxive the ])oint where 
the torpedo lies submerged touches a float jirovided wulh a cord in 
communication with a catch upon the hammer. 

The explcsion is not therefore produced directly by electricity. But 
the advantages that might result from exploding it from a dis- 
tance, according to the wish of the authorities charged with the defence 
were «oon perceived. The Belgian ex-minister of war, General Chazal, 
lias very ingeniously combined the employment of electricity with 
that of the camera obscura for the defence of the Scheldt by torpedoes. 
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Beneath a tent protected by earthworks, the pile or induction appa- 
ratus which produces the spark is arranged. Here all the wires which 
unite electrically the lines of torpedoes with the apparatus end sepa- 
rately, and each of them is numbered, so as to render any mistake 
impossible. 

On a table is placed a plan of the Scheldt, where the ]>()siiions 
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of the lines ut toipedoes are maiked, and winch is simply the ie]>io- 
duction of the optical jirojectum ol the ri\er by the d.irk-cliamber 
ajiparatus placed on the top oi the tent. Suppose a hostile ship 
should be perceived coming up the river. The officer charged with 
the superintendence and command can Follow from minute to minute 
the position it occupies relatively to the lines of immersion of the 
torpedoes. At the opportune moment he gives the order to the marine 
in charge of the electrical apparatus and indicates tlie number of the 
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wire of which the circuit is to he closed. Immediately the explosion 
takes place. Experiments carried on for some years have been 
crowned, it appears, with success. 

Paris, during the siege, had the neighbourhood of its ramparts 
and forts protected by a network of torpedoes. But as no grand 
assault took place against the whole city on the part of the besieging 
army, this system of defence, although perfectly organized, necessarily 
had only a preventive office. 
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CHAPTER IX. 


KT.KrTHO-PLATINa. 


§ I. — Hirtokical Sketch. 

We have seen that electricity transmits to a distance, with a pro- 
digious rspidity and under very varied forms, the signals made witli 
telegraphic aj)])aratiis, sometimes limited to simple oscillatory motions 
of the needles of a galvanometer, sometimes writing or even printing 
ill known chara(5ters the letters of a message, and sometimes repro- 
ducing with a siiq>riaiug fidelity the fac-simile of the writing or 
drawing wliicli forms the message to be sent. Telegmphy then is a 
mechanical application of electricity, or rather of electi'o-magnetism, 
since tlie principle is the reciprocal action of galvanic currents and 
magnets. It is hy using the repulsions and attractions of electro- 
magnets too that electric horology, chronographs, automatic registers 
of physical phenomena, electric engines, and a crowd of apparatus 
now used in the most varied branches of art and manufactures, have 
lieen invented. 

But electricity does not only prodttcc motion, it heats bodies, 
and that in so energetic a manner that it melts and volatilizes 
metals and other refractory substances, and kindles at a distance the 
fuses of mines, and the protecting toipedoes of poits and coasts. The 
brilliant light which is given out between the two carbon points 
rivals In intensity even tlie rays of the sun. By means of a 
mechanism whose motion is regulated by the variations of the 
intensity of the current, and by the combustion itself, the light of 
the voltaic arc cm also be used for many purposes. It pierces, too, 
the uiists in the darkest nights, and the lighthouses which Fresnels 
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geaiius lias made mich pow^ful helps to nayigiiiioii, We heee 
inofeSsed in brilliancy and range of light 

In order to complete this view of the application of electricity 
it remains to give some account of those which are based on the 
chemical effects of currents; that is to say, on the still mysterious 
phenomena which are generally regarded in science as themselves 
one of the generators of dynamic electricity. 

Electro-plating, electro-chemistry, are the names under wliich 
these apjilications are generally known ; applications of which science, 
manufactures, and art have all equally found to Im profitable ; one 
word oil their common principle will suffice to justify the distinction 
we liavc just made. 

liCt us first call to mind the jdieiioniena produced wlien a galvanic 
(‘uri'ciit IS made to pass through a saline .solution. Take, for e.vainple, 
a solution of sulphate of copper So soon as tlie circuit is clo.setl and 
the current produced, decoinpo'^ition of the salt takes place ; Imbhles 
of oxygen are disengaged at the poMtiva* electrode, and copper is 
(le]u)sited in a metallic stab* upon tin* bar winch forms the negative 
ele(‘tnwle. This plienomenon of decomi>osjtion wa*- already known to 
tliose physicists who liad .it their disposal only the original voltaic piles, 
but on a(‘(onnt of tlu‘ irregularity of the current, and its raj)i(l 
f.dliitg oft, the metallii- deposit w^as generally only a pulvenilent crust, 
and useless for indu^'tiial purposes leiice, how e\er, took advantage of 
it, and chemists were thus enabled to isolate and discover metals till 
then imknow’P Ihe invention of constant batteries sucli as DanielFs 
modifiol the phenomenon in a fa\c>urable manner. We have had occa- 
sion above to cite the disco\ery of the first electromotor — namely, that 
which Jacobi invented to nav igate a vessel on the Neva. If that inven- 
tion had not the success that its author exjiected, it was the occasion 
of a more fortunate discovery, whence has ceitainly arisen the art of 
electro-plating. Jacobi, who had employed a I)aniell*8 battery for his 
experiment with the positive jiole formed of plates of very jiure and 
very malleable copper, was astonished to see tlie plates rif platinum 
of the negative electrode covered with a rough deposit, formed of 
little scales of brittle copper, tlie inner surface of which faithfully 
reproduced all the inequalities of the metal on which they had formed. 
The illustrious physicist repeated the same experiment with vari- 
ations, and obtained homogeneous metallic deposits, which, instead of 
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beii^ pulverulent^ had all the consistence, compactness, and ductility 
of the purest metals, as furnished by metalluTgical operations. More- 
over by replacing the copper plate of the pile by moulds of medals, or 
plates engraved in relief or intaglio, he obtained faithful reproductions 
in intaglio, or relief, of the originals. Such is the origin of electro- 
typing, wliich a clever Englishman discovered also for himself the 
following year. The invention soon obtained a gimt development, 
and was the starting-point of numerous artistic and industrial appli- 
cations, and the subject of important improvements. 

The processes which constitub* electio-typing give deposits which 
are exact models of tlie objects to be reproduced without adhering to 
them. l*ut it is possible also to obtain very thin deposits, which 
adhere to the surface of the objects and act as a protective covering 
without sensibly altering its contour, or its form : the processes 
enijdoyed in this case constitute gold-plating, silver-plating, copper- 
plating, &c , according as tlie deposited metal is gold, silver, copper, &c. 
Such is the difference', as far as results are concerned, between electro- 
typing and what is sometimes called galvanizing or electro-plating. 
The principle is the same, but the processes are difleient; indeed, 
as we sliall see, they were discox c(^ independently. The invention of 
electro-gilding goes back in fact much further than electro-typing. 

In 1805, a }nofessorof chemistry at the University of Pavia, Louis 
Prugnatelli, discovered a means of gilding medals, and little articles 
of silver, by means of a batteiy. He used a solution of chloride of 
gold in ammonia (aTnmonio-clilori<le of gold), in which he plunged the 
article to be gilded, and made it communicate with the negative pole 
by a steel or silver wire. Put this invention remained unknown and 
unapplied. In 1840 M. de la Hive, the illustiious physicist of the 
Academy of Geneva, after long researches made for the purpose of 
relieving the working gilders from the dangers arising from the em- 
ployment of mercury, succeeded in gilding brass, copper, and silver by 
means of the battery. Tlie liquid he employed was a solution of 
chloride of gold as neutral us possible and very weak (five to ten 
milligrammes of gold to a centimetre cube) in a cylindrical bag made 
of a bladder. This diaphragm was plunged in a glass vessel con- 
taining water suitably acidulated. The article was immersed in the 
solution of gold. A zinc cylinder joined by a silver thread to the 
object to be gilded cauh-ed the production of the electric current. 
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which had to be very feeble. Various improvements were introduced 
to the process of M. de la Rive by several savants — as MM. Eisner, 
Bffittger, Perrot, and Smee ; but soon after, a new method, discovered 
almost simultaneously by an Englishman, Mr. Wright, and patented 
by Mr. Elkington (September 1840), and a Frenchman, M. de Ruolz 
(1841), gave to this application of electro-chemistry a fertile impulse. 
Electro-plating from this moment became a true industrial art in the 
hands of M. Chistofle, who acquired the patents of M. de Rnolz. 

Without entering into the detailed history of the phases through 
which electro-plating has pas.sed during thirty years, we will describe 
the various processes as they are now generally carried on. 


§ 11. — EmTRO-TYITXn. 

Electro-typing, viz., the art of reproducing by a honu^neous, 
but a non-adherent and sufficiently thick metallic deposit, the relief 
of any object such as medals, statues, bas-reliefs, architectural orna- 
ments, jewellery, &c., may first be referred to. 

Electro-type reproduction is performed in two different ways, 
according to the object in view. If an identical reproduction is 
required, in which the reliefs and intaglios of the copy shall be the 
same as those of the model, a mould must first be made whose 
intaglios correspond to the reliefs of the model, and rice versd. The 
ordinary processes of moulding are then employed ; but it is plain that 
the mould or cast might be first obtained by electro-typing, and then 

a second operation made on the counterpart, the object would be 
reproduced. The first of these operations only is required if a repro- 
duction in intaglio of the reliefs of the model is to be made. 

In any case, the surface of the mould on which the current is to 
deposit the desired metal must be a good conductor of electricity ; and 
this is the case when the mould is metallic. If however, as often 
happens in practice, the mould is of wax, sulphur, plaster, or even of 
gelatine or gutta-percha, the surface must first be metallized. This 
is accomplished in several ways. The simplest plan is to cover the 
mould with a uniform thin coat of powdered plumbago by means of a 
pencil or brush. 

This method of rendering the mould a good conductor is due to 
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M. Jacobi. A solution of nitrate of silver in alcohol may also be 
used. The surface of the mould moistened with this is exposed to a 
stream of bydrosulphuric acid, when an extremely thin black layer of 
sulphide of silver is formed, which is an excellent conductor. This 
second method is chiefly employed in the reproduction of delicEite 
objects, as flowers and fruits, or ohj(*cts in glass or ciystal. 

The mould being obtained, and male leady to receive the metallic 
deposit, the bath and other electro-plating apparatus must be jirepared. 
What is called the simple apparatus is just the bath itself, which 
forms, in truth, a constant cell, like Daniell’s Suppose we want to 
reproduce an object in cr)]>per, which is the metal most frequently 
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employed, we place in a tab or gl.i^s \e^sel a solution of sulphate 
of copper. 

In the centre of the tub is placed a porous vessel filled with 
water acidulated with sulphuric acid, and into this is plunged a plate 
or cylinder of zinc, which forms the negative pole of the battery. To 
this pole is suspended the mould of the object to be reproduced, by 
means of a metallic wire which wraps it round so as to be in contact 
with the conducting layer (plumbago or sulphate of silver). Fig. 454 
shows the arrangement of the apparatus, which will •^erve equally 
well for gold or silver electro-plating. In this case the nature of tlie 
bath is altereil, as we shall soon see. 
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When the current is established, the sulphate of copper is decom- 
posed and a deposit of the metal is formed on the eurface of the 
mould. But in proportion as this deposit is formed, the bath is 
impoverished by the same amount, beconiing more and more acid, and 
the deposited metal loses its xdastic pix>perties and its coherence, 
unless the solution is maintained in its normal state of saturation 
by crystals of sulphate of copper placed in a bag within the bath. 

What is called in electro-plating a compound apparatus only differs 
from the simple apparatus in having the battery separate from the 
bath ; to prevent the impoverishment of the bath a sheet of copper 
is suspended in it in communication with the positive pole of the 
battery, while the mould is metallically united to the negative pole. 
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Tliis sheet constantly gives up to the solution the quantity of copper 
that has been deposited, so that the concentration of the hath remains 
constant. Jacobi, to whom this latter arrangement is due, has called 
the sheet of copper in the compound apparatus, the Soluble Electrode. 

We may now enter into certain details concerning the different 
industrial and artistic applications of electro-typing. 

The processes just described are applicable in that form to 
the reproduction of medals, seals, and other objects of smiill 
dimensions engraved on one side only. They are used for the repro- 
duction of wood, steel, and copper engravings, which would rapidly 
wear out and be spoiled, if submitted to direct working off, but 
which electro-typing enables us to preserve indefinitely. 

A wood engraving gives at a maximum tan thousand copies. But 
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as many stereotype plates for printing from as we may wish may be 
reproduced in the following way. The surface of the wood is first 
metallized by plumbago, and then an impression is taken with 
gelatine or gutta-percha. The mould thus obtained and metallized is 
submitted to the electro-plating process, and a layer of copper is 
deposited on it, which reproduces with the greatest fidelity the finest 
marks of the engraving at the end of a certain time, generally not 
more than five hours. The thickness of the metal covering is about 
^th of a millimetre. This is not sufiicient to offer proper resistance to 
the action of the printing press, but it is strengthened by pouring 
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over the other side a mixture of lead and antimony (type metal). It 
is then planed, and mounted on wood, and the stereotype plate thus 
obtained is ready for working off. It can then produce without 
spoiling or alteration an impression of eighty thousand examples 
As to the wood engraving, it remains absolutely intact, and can furnish 
an indefinite number of similar stereotype plates. 

An analogous process gives a reproduction of copper or steel 
engravings. Ordinarily the cast is obtained by electro-typing, and this 
mould is^used to reproduce the original plate. A precaution however 
must be taken, in order to avoid adhesion, and this is done by expos- 
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ing the plate, before jmtting it into the bath, to the vapour of iodine. 
In tl)is way for example the postage-stamps are printed. Two cr 
three hundred moulds of tlie original engraving are joined together, 
and plates are thus procured from which sheets may be obtained con- 
taining the same nunilier of stamps. To prevent imitation, which by 
impressions on stone miglit easily be made, the paper on which the 
stamps are printed is treated with a wdiite safety ink, which would 
be transferred to tlie lithographic stone w\ih tlie drawing, and the 
impression obtained would be nothing more tlian a nniform blot 
covering the whole sheet. 

The stereotype-plates employed in printing the Bank of England 
notes were made by Since by electro-plating. To give an idea of the 
dui-ability of the stereotype plates we quote the following words from 
a meipoir by that physicist, in which he gives an account of the pro- 
cesses employed in this reproduction “ The electro-copper,” lie says, 
is so durable, that we can scarcely assign a limit at which it becomes 
useless.” And for the Tun''s newspaper we ai’e told that a mouhl of 
this kind has alrea«ly furnished an impression of twenty millions 
without being completely worn out. Up to tlie present time, the 
limit of the durahility of the electrotyjies for printing the Bank notes 
has not been reached, and there have l)eeo already priqted from them 
a million notes w ithout any very sensible effect. 

In France, M. llulot emplojed electro-typing for the repro- 
duction and printing of the Bank notes issued ip 1848, and since then 
for the figures on phi) ing cards. 

If electro-typing renders signal service in tlie impression of engra- 
vings of vaiious kimls, it is no less useful for the col lection of engraved 
plata<i ; for example, in the introduction of new details ii^ geographical 
and topographical maps. These modiKcations are indispensable in 
great works like that of the (Irdnance Survey maps. Altemtions of 
roads, the addition of new roads, of railways, canals, industrial xvorks, 
&c., were formerly only possible by processes of retouching, and 
recutting, which risked the damaging of the plates. M. Georges has 
invented a method of correction by which these great disadvantages are 
avoided. The parts to be coirected are removed by a scraper, and a 
deposit of copper on the spot is made by electro-plating, the necessary 
precautions being taken. It is then planed carefully, and a proof is 
taken in which the parts to be altered come out blank. The artists 
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then trace the new lines, which are transferred to the plate and tlieii 
delivered to the engraver. 

It is well knowni that for priiitiii*y plates by chromograpLy, the 
various colours nuist be rigorously fitted in their riglit places. Electro- 
typing enables us to fit them perfectly in plates of this kind. Tlie 
National Tress of France has thus been enabled to print many maps in 
colours, and particularly tlie gi’eat geological Maj) of France, which is 
itself based on the Staff Maps for all that regards the topographical 
part. 

liUt electrO“ty])ing not only reju’oduces plates identical with 
engraved ones, but it is applicable to direct engraving, such as copper- 
jdates aud etching, only in this case ’t is not clone by a metallic 
deposit, and the jdate on which the drawing to be reproduced is drawn, 
instead of being placed in the bath as the negative pole, corresponds 
to the soluble anode, lii fict, its surface being covered by a thin 
layer of insulating vaiiiish, And tlie di’awing made by a fine point 
having exposed the metal beneath, the latter is attacked by the 
electrolytic action, and it is eatem into in the sane way as in ordinary 
1‘tching, and tlie engraving is executed without the Operator being 
exposed to the injurious action of nitrous fumes. 

The jn’oeesses of Dudot, (tillot, and (hiniicr, for t‘ngraving in 
relief on copper or zinc, aie also pirtly based on electrolj^^sis ; luit the 
details of the operations necessary for these pr*ocesscs are too minute 
to be reju’oduced here, — we should be drawn, besides, beyond our 
subject. 

We ne.\t come t(* the application of electro-plating to the 
reproduction of objects in the roirid such for instance as busts, 
statues, vases, capitals, and other architectural ornaments. The 
irrinciple is just the same, only the reproduction of objects of large 
size offered at first certain difficulties that have been happily 
surmounted. The object is to avoid all ineijualities of thickness in 
the deposits on diffeient parts of the mould, and yet to obtain a 
thickness all over which shall give a sufficient solidity to the object of 
art reproduced. Suppose a mould of a statue, the parts of which 
come together so us to leave a hollow which was occupied by the 
model before the moulding. The question is how to obtain, all over 
the interior, an equal and regular deposit of copper. At first a soluble 
anode was placed inside the mould, but the rapid solution of this 
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anode only gave an uneven deposit of insufiicient thickness. M. 
Lenoir proposed to employ on insoluble anode, made of platinum 
wires twisted through all parts of the inside without touching it 
Crystals of sulphate of copper, enclosed in a gutta-percha pocket 
pierced with holes, furnished the copper nccessar)' for the renewal of 
the solution, as the deposit thickened, but this was a costly method 
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and only applicable to small objects. M. Plants replaced the platinum 
by lead ; a nucleus of lead pierced with holes is introduced into the 
mould, roughly reproducing its form, only a little smaller, so as to 
leave between the nucleus and the side a suitable interval. 

Fig. 457 shows how this nucleus of lead is arranged in one of the 
halves of tfie mould which served for the electrotypic reproduction of 
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the vase in Fig. 458. By the process of which we have just given an 
outline, the modelling of the most beautiful, as well as the largest, 
statuary works has become possible. Statues two metres high and 
even up to 4^ metres, for the new opera hall, have been moulded by 
electricity with a perfection not to be surpassed by the ancient art of 
casting. A statue of 9 metres weighing 3500 kilograms has been 
made in the same way. The thickness of the copper is not less than 
4J ram., but it took no less than two months and a half to bring this 
operation to a close. These remarkable works have been executed by 
a large manufacturing house in France, Messrs. Christofle and Co. M. 
Oudry has reproduced in copper by electro-typing, the bas-reliefs com- 
posing the column of Trajan ; these bas-reliefs, 600 in number, have 
each on an average an area of a square metre; so we see by the impor- 
tance of this work that the art of electro-typing, so remarkable for the 
fidelity and perfection of its productions, has become in the hands of 
inventors and manufacturers, an industry of truly great importance. 


§ III. —Galvanizing.— Gdld and Silver Plating. 

The principle on which gold and silver plating depends, and in 
general the deposit of a metal in a thin adherent layer on the surface 
of an object, is the same as that of electro-typing. It is always the 
electrolytic property of a galvanic current, which in passing through a 
solution of gold or silver, &c., decomposes it, and sets free the metal at 
the negative pole. 

But, though the principle is known, there still remain practical 
difficulties to be overcome ; the conditions of adhesion of the deposit 
must be determined, the best composition of the bath discovered, and 
the best method of preparation of the objects to be plated. We have 
seen that the first really applicable processes of gold and silver plating 
are due to Messrs. Wright and De Ruolz. 

The apparatus employed, whether simple or compound, are the 
same as we have described under electro-typing. The preparation ol 
the object consists principally in cleaning the surface, which ought to 
be perfectly cleared from every foreign substance. If the object is iu 
bronze it must be bixmght to a red heat. If in brass it must be 
w^ashcd w’ith a concentrated solution of soda, but there always remains 
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a thin layer of oxide which must be got rid of by pickling, an 
opemtion wliich is perfonned by dipping the object in a basin of 
acid ; lastly, if the object to be gilded or silvered is of iron, steel, zinc, 
or aluminium, it niust be previously covered by electro-plating with a 
thin coat of coj)per, without which the gold or silver deposited on 
its surface will not adhere. 

And now us to the piej»aration of the bath. For gilding, a solution 
of cyanide of gold in an excess of cyanide of }»otassium is used, and 
for silvering'the (•om})Osition is similar — namely, a solution of cyanide 
of silver in an excess of cyanide of potassium. It is advisable to 
keip the temperature of the b.itli, during the operation, above the 
ordinary— generally at 70° C,, since when formed in the cold the 
colour of the depo>it is not so good. TJie )) 0 ‘'iti\e jade is formed by 



a plate of gold or silver by which the cunent enters the solution, 
and which acts as a soluble anode. Tiie object to be silvered or 
gilded forms the negative pole. When the electrolytic action commences 
the cyanide of gold is decomposed, the gold is set free at the negative 
p(»le, where it spreads by degrees all over the surface of the object ; 
hut tlie cjwiogen, passing to the i)ositive pole, combines there with 
the gold, and as much cyanide of gold is formed again as the current 
decomposes. The strength of the solution is unchanged, which is an 
essential condition of the operation. The plienenoma are exactly 
similar in the silver bath. 

Figs. 459 and 4G0 show how the a[)paratu8 for gold and silver 
plating are arranged. The objects are suspended in it by copper rods 
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on a metal sash which communicates with the negative pole of 
the electric battery. Another sash, insulated from the first, carries 
rods to wliich are hung the sheets of gold or silver forming th^ 
soluble anodes. 

The force of the current must be regulated so as to give a per- 
fectly adherent de{)Osit. The thickness of the layer deposited depends 
in other respects on the duration of the oi>erati()n. I5y weighii^g the 
cleaned objects bcibre putting them into the bath and weighing again 
after they come out, the exact weight of the precious metal deposited 



Pig 4(50.— Coniiwniud Qpim*atiw for gi>ld nud silver oleetro platmg. 


can be ascertained, and tlius tlie thickness of the gilding' and silvering 
he deterniined. 

An apparatus may even he employed which automalically regtilates 
the coiitinuance of the operation when it is recpiiied to cover the 
objects witli n determinate weight of the precious metal, gold or silver. 
This apparatus, invented by Iloseleur, is simply a balance arranged as 
indicated in Fig. 4G1. 

On tLe left is seen the. apparatus placed beneath the beam, so that 
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the objects to be silvered or gOded may be supported by it when 
they are plunged in the bath. A horizontal rod fixed to the column 
of the balance carries on one side the soluble anode which is held 
in the bath and communicates on the other side with the positive 
pole of the battery. The other side of the beam carries a double 
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scale-pan; in tlie upper is placed a counterpoise which produces 
equOibrium and keeps the beam horizontal In this position no 
current passes, since the rode carrying the objects which form the 
native pole do not communicate with the battery. But if in the 
second pan of the balance are placed weights equal to the amount 
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of precious metal to be deposited on the submerged objects, equi- 
librium is broken, and the beam dips on the right ; a metal rod with 
which it is provided dips into a cup filled with mercury connected 
with the negative pole of the battery, and then the circuit is closed 
and the operation commences. 

The operation continues without supervision so long as the deposit 
does not exceed the determined weight, but as soon as this limit is 
passed, equilibrium is re-established, contact ceases, and the current 
is interrupted. 

We need not enter into the details of the purely technical operations 
which follow the deposit of the layer of gold or silver on the objects, 
after they have been taken from the bath. We will only mention 
that the dull colour of this layer is made brilliant by scratch-brushing 
and burnishing ; that is to say, by rubbing the parts which ought to 
be polished, by a rapidly rotating brass-fibred brush, and then 
hand-rubbing by the workman by means of hard particles of stone 
or steel mounted on rubbers. 

Silver is made to shine directly by placing in the bath, during 
the operation, a very small quantity of sulphide of silver. This 
process was invented by M. Plants. 

The electro-chemical method of silvering and gilding is now applied 
on a very large scale all over the world. By its means has been 
introduced into houses of very modest pretension.s, the luxuries of the 
well-to-do. 

The following extract from the Orandes Usines by M. Turgan 
will show the importance of this industry in France alone: — '‘A 
few figures taken at random, will give an idea of the importance 
acquired by electro-metallurgy in the house of Messrs. Christofle 
since the expiration of Elkington's patents. In 1865 they silvered 
5,600,000 objects, which has withdrawn from circulation 33,600 
kilogrammes of silver, worth 6,700,000 francs; an equal quantity 
of objects executed in solid silver would have withdrawn from 
circulation a million kilogrammes of silver; that is to say, more 
than 200 millions of francs; 33,600 kilogrammes of silver of 
the thickness adopted in plating, that is three grammes on 
each centimetre square, would cover an area of 112,000 square 
metres.” 

Gold and silver plating are now applied in a variety of circum- 
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stauces, as for llic clia»eil ormnueuts used to adorn furniture. Tlie 
vai'iely of effects which may he obtained by uduit are called reserves — 
that is, by gilding certain parts, silvering others, here employing green 
gold, and then- led goli’- ha‘ pven to the ori-au intation of furnitni-e 



a luxurious richness truly remarkuble« As the reseines can be 
hollowed 08 deep as may be wishel and lilleJ with metals of all 
sorts, this richness does not exclude solidity. 
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Gold and silver are not the only metals which are applied in thin 
layers by electricity. Deposits can now he ol)taineJ of platinum, 
tin, iron, and nickel by employing suitable solutions ot‘ these metals. 
For platinum, a solution of the dvniblo phosphate of platinum and 
soda is used. Objects of iron are plated with tin in a bath of 
pyrophosphate of soda and piotochloride oF tin Lead and zinc can 
be galvanized in the same way. 
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An important apjdication (»f electro jdating consi.sts in covering 
copper-} dates with iron. The surface of the engravings thus aec}uire 
a durability which preserves them from all alteration during printing. 
When the thin coating of iron thus de})osited is worn out and the red 
tint of the copper- plate beneath is visible, a fresh coating of iron pre- 
vents any further alteration. 

Another recent industry, based on (ho #^8010 processes, has acquired 
in the hands of its inventor, M, Oudry, considerable development. It 
consists in covering objects of great dimensions, *snch as vases, statues, 
candelabra, &o., with copper. Among the practi<'al difficulties to be 
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ovei-conie, we will only mention here what concerns the fundamental 
operation; that is to say, the adhesion of the copper deposits on object 
whose dimensions prevent their bcdng prepared and cleaned with the 
minute care of the silversmith. It was found absolutely insufficient 
to simply cover the surface with a layer of plumbago. The acidity of 
the baths attacked the metallic surfaces long before the deposit had 
attained the suitable thickness ; M. Oudry therefore covers them first 
with an insulating coating imattackable by acids, applying it with a 
pencil after cleaning, and touching up with a file and scraper those 
parts of the ornaments that require it. This coating, chiefly fo]*med 
of benzine, is left to dry, and then the object is plumbagoed on the 
outside and coveied with an earthy non-conducting paste wherever 
the copper is not to be applied. It is then plunged into one of the 
vessels, or great tubs that form the baths (Fig. 463.) At the end 
of five or six days, the thickness of the deposit reaches a millimetre, 
and the operation is terminated. All that is left is to give the copper 
the appearance of bronze, which is done by rubbing the surface with 
a brush soaked in a solution of ammonio-acetate of copper. 

The lamps of Paiis, the moniimental fountains of the Place Louvois 
and the Place de la Concorde, the outer gates of the New Opera, and 
several metallic ai'chitectural ornaments, have been coppered by this 
process, by which means beautiful and durable objects are substituted 
for the old iron castings which could not be preserved, even by painting, 
from rust and destruction. The electro-metalluigic industry, by the 
services of all sorts it can render to other industries, has undoubtedly 
a great future before it. 
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CHAPTER X. 

VARIOUS APPLICATIONS OF ELECrRlCITV. 

§ T — Medical Electeicity. 

Have we given the description or even exhausted the list of all the 
applications of electricity ? Not by a long way ; although we have 
restiicted ourselves to the most important, and those which have 
been most generally adopted. Our object, it must be remem- 
bered, was chiefly to place in relief the physico-electric fiheuomena 
of various kinds and the laws of their manifestation. 

We cannot however conclude this book without mentioning a 
certain number of other scientific applications which appear capable of 
great development, such as the employment of electricity in medicine, 
and the registering apparatus for continuous meteorological observa- 
tions. 

It is no part of our business, it will be understood, to estimate 
the therapeutic or medical value of electricity ; w'hat is incontestable 
is that this agent produces physiological effects, which for a long 
time physicians have tried to make use of in medicine. At first the 
discharges of statical electricity from a Leyden jar were used, but it 
is chiefly since the discoveries of Galvani and Volta that the action of 
electric currents has been studied, and that a serious application of 
them to the treatment of various diseases has been made. 

The electro-medical apparatus are sometimes batteries of a par- 
ticular construction, sometimes induction coils so arranged in general 
as to allow of the employment of induced curi-ents of either kind, 
according to the case of the patient. 

Of these batteries, Pulvermacher’s chain is the most frequently 
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adopted. Fi{» 9 . 404 and 465 show how this battery is made and how 
it is used. Each element is composed of a cylinder of wood whose 
surface is hollowed by helicoid grooves. ^ Two metallic wires, one of 
copper and the other of zinc, ai*e rolled round these grooves without 
touching each other and tiieir ends are united, each to each — the zinc 
with the next copper, and so on. The form of the whole is a sort 
of chain ending in two armatures whicli the patient holds in his 
hand, as shown in Fig. 465. 

In using rulverma<*hers chain, it is plunged in a vesstd containing 
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weak vinegar and water; the wood imbibes tiic liquid, and the 
chemical action of the acid on the zinc produces the current the cir- 
cuit of which is completed by the arms and Inwly of the experimenter 
When shocks are to be obtained the current must be interrupted. 
An ingenious arrangement allows of successive interruptions. One 
of the armatures contains, in the inside, some clockwork which turns 
a wheel, one tooth of which at each revolution presses on a spring 
The contact of the battery with the sides of the arm^ure then ceases 
and the current is interrupted. The rapidity of the interruptions 
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may also be regulated so as to separate the shocks by a greater or 
less interval. 

The electro-medical apparatus founded on induction are not 
distinct from each other in their effects; but they may be classed 
as M. le Roux^ has classed them in two categories, according to 
the nature of the primitive force they call into action. In the 
first we have those apparatus in which mechanical force is used 
to produce an induced current which is made to act again by in- 
duction on its own circuit, or on a neighbouring one. These 
apparatus are founded on the relative motion of a circuit and a 
magnet, and are called magneto-electric. Those apparatus in which 
an electro-chemical agency is employed to produce the current which 
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induces in its own circuit or another neighbouring one, form the 
second class which M. le Roux calls rheo-electric machines. Pixi's 
and Clarke’s machines, described in the Forces of Nature, belong to 
the first class, and Ruhmkorfi‘’s coil to the second. In Fig, 466 we 
have a portable apparatus of the latter kind, due to the same 
inventor, which is principally used in the better class of practice. 

The generating battery for the electricity is formed of tw o sulphate 
of mercury elements, seen on the right of the figure. The current is 
thrown into a double bobbin, and thence passes by the rheophores to 
two armatures, which the experimenter takes in his two hands. The 
interruptions of the current are produced by Neefs contact-breaker 
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or trembler. Lastly, the regulation of the energy of the current, 
and thence of the shocks, is made in the following manner : — 

Each bobbin is w^rapped in a <K)venng of copper, which may be 
moved by a screw on the outside so as to increase or diminish at 
pleasure the length of the parts of the coil that are covered by this 
kind of muff. Induced currents are developed in the copper outside 
the bobbins, and since these currents are in an opposite direction to 
tliose traversing the wires of the coil, they partly neutralize each 
other. The experiments may then be commenced with very weak 
currents at first, then stronger by degrees, up to the maximum of 
energy, which is when the coils are entirely uncovered. 

Drs. Duchenne (of Boulogne), Tripier, and several manufacturers, 
Messrs. Gaifife, Trouve, Siemens and Halske, &c., have invented 
electro-medical apparatus, into the description of which it would be 
too long to enter, as our present object is simply to give an idea 
of this special application of electricity. 


§ II. — Electkictty applied to Meteorological Observations. 

Meteorology is a science which in many respects is still in its 
infancy, — a statement which will not appear astonishing to those who 
take account of the infinite complexity of the phenomena it purposes 
to study. The elements of these phenomena are manifold; the 
atmospheric pressure, the temperature of layers of the air at different 
heights, the temperatures of the soil and of the waters, hyg^omet^)^ 
the force and direction of the winds, the amount of rainfall, are so 
many facts which must be collected at as large a number of points of 
the earth's surface as possible, and which require of observers, in order 
to register all their variations, most laborious and painful assiduity. 
Those too who devote themselves to this task are generally obliged 
to confine their observations to fixed hours of the day and night, 
whence result many inevitable but deplorable gaps. 

Attempts have been made for a long time to remedy this insuffi- 
ciency of the means of observation, by inventing instruments to 
leave automatic traces of their indications, and thus to dispense with 
the immediate or direct intervention of the observer. Maximum and 
minimum thermometers are examples of this sort of instrument, but 
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they can only give single and isolated indications of elements ; they 
in no sense solve the important problem of a continuous registration, 
or one of a very short period, which should give, for example, the 
curve of the variations of the temperature. 

The idea of substituting automatic registering instruments for 
ordinary ones is not new. In 1782, Magellan invented a perpetual 
meteorograph ; but it does not appear to have been used in practice. 
The principle of that apparatus was purely mechanical ; that is to 
say, it derived from the movement itself that was caused by the 
variations of the elements, the force required for registering the 
indications. Many registering apparatus have been and still are 
founded on this principle, which have the merit of simplicity and 
economy, but which unhappily fail through insufficiency on account 
of the smallness of the force thus relied upon. 

Another system consists in employing photography ; that is to say, 
in producing on sensitive paper the image of the level of the mercurial 
columns of the barometer, thermonieter, &c., enlai-ged by suitable 
optical apparatus. This system is naturally more costly than the 
mechanical one, c^^pecially as it is necessaiy to xise clockwork to 
give a continuous motion to the band of paper on which the photo- 
graphic records are made. 

Lastly, there is a third system which employs electricity as the 
registering agent. Telegraphic apparatus, especially the writing and 
printing systems, enable us to conci ive in what way the electro- 
magnetic currents are employed for registering meteorological indi* 
cations. For example, the index of the instruments is provided with 
needles which pierce an endless band of paper whenever they are 
set in motion by the armatures of the electro-magnets ; this happens 
whenever there is a closing or interruption of the electric circuit. 
A clock regulates the periodicity of these makings and breakings 
of contact, at the same time that its whcelw^ork causes the paper 
on which the registry is made to move forward. 

We may cite some of the electro-magnetic registering apparatus 
employed in meteorological observations. 

The first anemograph constructed in France was invented by 
M. du Montcel, afterwards modified by M. Salleron, and finally 
introduced by P. Secchi in the great meteorographic machine which 
he exhibited in the Clianip de Mai’s in 18G7. 
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The anemometer proper is formed of a vane forgiving the direction 
of the wind, and a Waltmann’s windlass to indicate the velocity. 
An azimuthal commutator, divided into eight sectors insulated from 
each other, is in connection by eight wires ending in the eight sectors 
on one side with one pole of the battery, on the other with the 
receiving apparatus. Upon this commutator a piston rubber con- 
stantly presses, which is directed along the axis of tlie vane, and 
constantly establishes an intimate metallic contact between that axis 
and the sectors. The axis being also in communication with the 
otlier pole of the battery, it follows that the circuit is always closed 
across the sector on which the rubber presses ; that is to say, precisely 
in the direction of the wind. An electric communication of the same 
kind is arranged l)etween the windlass, the battery, and the indicating 
apparatus. The latter is a cylinder moved unifonnly by clockw^ork, 
so as to turn once round in twelve hours and to advance along its 
axis by a definite quantity, say two millimetres at each revolution. 
Eight electro-magnets, whose armatures are fitted with pencils, are 
arranged facing the cylinder, and every time tlie circuit of any one 
of them is closed, the corresponding pencil traces a mark on the 
cylinder, against the surface of wdiich the movement of the armature 
presses it, the length of w’hich mark indicates the duration of the 
wind at the same time as its direction. 

The number of revolutions accomplished by the windlass is 
indicated in a similar fashion, and hence the velocity of the wind is 
regularly registered, 

Space fails us to descril>e with the necessary details, the baro- 
metrographs, therraornetrographs, and other registering nieteorological 
instruments, whose construction is based on the intervention of 
electricity. It is sufficient here to have given a general idea of this 
application, and we shall conclude by insisting on the importance 
that this method of observation cannot fail to have for the progress 
of the science. Various systems are now followed in the principal 
meteorological observatiors at Kew, Greenwich, Bnissels, Rome. Berne, 
and Paris. When stations of this kind shall I)e distributed over all 
the globe, on continents and islands, and a series of exact observations 
can be made with the necessary care and continued through long 
years, we shall be able to establish fonnulm of greater and greater 
rigour to represent the laws of the movements of the atmosphere 
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and the other phenomena of which the aerial covering of the globe 
is the scene. 

We are already able to represent certain facts in a general way 
and to mark the variations of some meteorological elements according 
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to the localities, such as the annual isothermal lines and those of the 
winter and summer seasons. The name iaothermcd is given to the 
curve marking the localities where the mean temperature throughout 
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the year is the same ; the isotlural to that of points where the mean 
temperature of the hottest months is the same ; and the isochimenal 
is the isotherm of the coldest months. All these means of tempera- 
ture are calculated and reduced. to the same altitude above the sea 
level; but it is not to be forgotten that the altitude has a great 
influence on these values. 


INDEX. 




INDEX 


A. 

Abney, Capt., F.R S., his process of photo- 
Uthomphy, 817, 818 
Achard^ electrical brake, 669 
Achromatic magnifying-glasses and lenses, 
236, 268 
Acldimeters, 38 

Acoustics, applh'ations of tlie phenoineiiR 
and laws of sound, 107 
Acoustic signals in navigation, 107 
Aeronautics, 6, 99 

Aerostat invented by M. Dupuy de lAiiie, 
101 

African violins, 160 
Air-guns, 69 
Air-pumps, 63 
Air tele^ph lines, 607 
Alarm float in steam-engines, 402 
Alarums in electro-telegraphy, 666, 574, 
681, 608, 622 

Albaret’s road-locomotive, 478 
Albert Hall, its acoustic arrangements, 117 
Albert’s process of heliography, 819 
Alcohol, distillation of, 878 
Alcoholometers, 38 
Alembics for distillation, 377 
Alexander, his discoveries in electric 
telegraphy, 645 

Alliance magneto-electric machine, 664, 
680, 689 

Alt-azimuth instrument, 267 
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Aluminium, electro-plating on, 712 
Amati, the (of Cremona), tneir violins, 119 
American torpedoes, 698 
Amioi’s horizontal microscoi>e, 248, 245 
Ammonia steam-engine, 604 
Ampere, on electric telegraphy, 646, 660 
Andrews, Br., on magueto-electiic 
machines, 660 
Anemographs, 728 
Anemometers, 724 
Annular steam-engine, 467 
Anseirs fire-damp indicator, 623, 624 
Anthemius, compound mirrors made by 
him, 867 

Anthracite, its use and heating power, 864 


Anthropology, photographic illustrations 
of, 324 

“ Apparent light ” at Stornoway Bay, 232 
Arachnoidiscus, microscopic photograph of, 
326 

Arago, on multiple burners applied to light- 
houses, 226 ; large reflecting telescopes, 
267 ; labours of Sir W. Herschel, 270 ; 
photography, 290, 291, 309 ; dagucr- 
rrotyi>e, 298 ; early steam-eugines, 488, 
443 ; means of disaix>ating clouds, 581 ; 
lightning-conductors, 639 
Archer’s employment of collodion in i»hoto- 
giaphy, 802 

Archimedes, inventions ascribed to him, 
87, 87, 366, 367, 461 

Architecture, application of acoustics to, 
115; x>hotographic representations of, 
324 

Arch-lute, or theorbo, 153 
Areometers, 37 

Art, appli(*ation of photogiaphy to, 324 
Artesian wells, 44 

Artificial ice, manufacture of, 382 — 388 
Astronomy illustrated by iihotographv, 
309, 826 

Astronomical observations, use of the 
chronograph, 649 
Atmospheric engine, 440 
Atmospheric prassure, in the elevation of 
water, 50 ; as a motive power on rail- 
ways, 64, 80 

Aubine’s vibrating alarum, 628 
Autographic telegraphs, 648, 697 
Automatic registers in meteorology^29 
Automatic printing telegraph, Wheat- 
ston *8, 691, 696 
Automatic stewpan, 864 
Autotype process in photofpuphy, 299 
Aveling and Porter’s traction engine, 481 
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Babinet’s reflecting goniometer, 211 
Bcettger's improvements in olectro-plating, 
704 

Bagpipes, 178 
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Bain's electric telegrapli, 555 ; writing and 
printing telegraphs, 583, 597 ; electric 
regulator, 587 

Balances, in commerce and the arts, 28 
Baldus' process of heliography, 819 
Balloons, 6, 87 — 108 

Balloon communications during the siege 
of Paris, 811 

Bank-notes printed from stereotype plates, 
708 

Barhari's, or Barbair OTgan, 196 
Barral and Bixio, MM., their balloon ex- 
periments, 91, 96, 108 
Barrel-oigans, 197 

Barometer, measuring heights by the, 
84 

Bassoons, 178 

Batteries employed in telegraphy, 620 ; for 
regulating electric clocks, 638 ; applied 
to the (^ronoscope, 648 ; for electric 
light, 683 ; for blasting mines, 694 
Baume’s hydrometers, 88 
Beam-engines, 420, 425, 454 
Bec^querri’s discoveries in chromo-helio- 
graphy, 820 

Beer and Moedler's map of the moon, 829 
Behren’s rotatory pump, 57 ; rotatory 
steam-ens^e, 481 

Belman railways, lightning-conductors for 
elMtric telegraphs, 627 
Belgian Tocabulary of single-needle tele- 
graph, 551 

BeU, Henry, improvements in steam 
navigation, 447, 448 
Bell-buoys, 107 

Belleville's circulating boiler, 409 
BelU, 119, 125 

Beng^, formation of artificial ice in, 
882 

Bemi^re, his buming'inirror and burning- 
glass, 86/. 368 

Berres and Donne, their experiments in 
photography, 814 

Bench, his discoveries in microscopic 
photography, 809 

Bethecoourt’s electric telegraph, 544 
Bianchi's lightning-conductor for electric 
telegraphs, 627 
Binnacle of a man-of-war, 524 
Binocular and monocular vision, the 
stereoscope, 280 

Biot, his meteorological experiments with 
balloons, 102 

Bishop’s disc rotatory steam-engine, 481 
Bixio and Barral, MM , their balloon ex- 
periments, 91, 108 

Blackett, steam-looomotion on railways, 
462 

Blaise, omniser of microscopic post 
during the s^ge of Paris, 811 
BlanqnarcUEvra^ his share in the inven- 
tion of photography on {laper, 298, 299 
Blasting in mines by electro-magnetism, 
698 

Blowers for fire-places, 842 


Boiler^ of steam-engines, 896 — 410 ; of 
‘ marine-engines, 454, 456 ; of locomo- 
tives, 462, 465 ; of portable-engines, 
486 : explosions, 5u2 

Bond, AVmiMn Cranch, his work in 
astronomical photography, 827 
Bonneroain, the inventor of hot-water 
heating, 851 

Boring machines in the Mont Cetiis Tunnel, 
76 

Boulanger's chronograph, 649 
Honrbouze’s electro-motor, 652 
Bourdon, the Brothers, their application 
of the screw-propeller, 452 
Boydell’s road-locomotive, 479 
Brake, electric, 659 

Bramah’s hydraulic press, 33 ; oscillating 
pump, 54 

Bi-asero, Spanish, 885 
Brass musical instruments, 175 
Brass, electro-plating on, 711 
Bray’s road-locomotives, 477, 479 
Braziers, ancient and modern, 886 
Brebner, A., improved prisms for light- 
houses, 231 

Breguet’s inventions in electric telegraphy, 
546 ; dial telegraph, 559, 562, 571 ; 
vibrating alarum, 628 ; lightning-con- 
ductor for electric telegraphs, 626 ; 
electric regulator and time-dial, 687 ; 
chrouoscope and chronograph, 649 ; 
magneto-mectric exploding apparatus, 
C9C 

Brest, transatlantic cable station, at, 617 
Brett 8 printing telegraph, 588 ; submarine 
telegraph, 611 

Brettes, Martin de, his chronograph, 649 
Brewster’s lens, 285, 287 ; his improved 
stereoscope, 288 ; magnesium lamps, 
808 

Brick as a heat-conductor, 363 
Brick stoves, 345 

Bridge-buildinff, use of compressed air, 82 
Brine pits in l^nce, 881 
Bronze, electro-plating on, 711 
Brown, Samuel, his application of tlic 
screw-pro|)eller, 452 
Bruges, chimes of public clocks at, 128 
Brugnatelli, discovery of electro-plating, 
7u8 

Bryceson Brothers, great organ by them at 
Primrose Hill, 192 
Bnddicomb’s locomotive engine, 470 
Buffon, compound mirrors made by, 866, 
868 

Bunsen's electric batteries apfdied to 
telegraphy, 620 

Bnniiim-glasies and mirrors, 865 
Butterfly-valve of stoam-en^ne, 427 


C. 

Cables, telegraphic, 611, 618, 617 
Calla’s steam matnlrel-latlie, 491 
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Calotype ])roces8 in i)liotogrHf>hy, 299 
Camera obscnra, 289, 304 ; in connection 
with torpedo defence, 699 
Oampanrs eyepiece for compound micro- 
scope, 240, 241 

C'arcel lamps applied to electric light and 
lighthouses, 221, 225, 668, 680 
Carillons, 126—181 

Carr4^s apparatus for artificial ice, 384, 
385 

Carr4, M., inventor of the oscillating 
steam-engine, 430 

Carriages (steam), early examples of, 461 
Carrier-pigeon post during the siege of 
Paris, 811 

Casein’s autographic telegraph, 598, 601, 
602 

Cassegrain’s telescope, 269 
Castanets, 121 
C’ast-iron stoves, 345 

Catadioptric lighthouses, 224 ; telescopes, 
268 

Catoptric, or redecting, lighthouses, 220, 
221 

Caus, Solomon de, his steam apparatus, 390 
Cavallo’s electric telegraph, 544 
Cawley, John, improved steam-engine, 439 
Celestial photography, 329 
Cellars, temperature of, 358 
Centrifugal pump, 58 
Centrifugal regulators of steam-engines, 
428 

Chaff-cutters, steam, 485 
Chance, J. T., improved prisms for light- 
houses, 230 

Chappe’s air-telegraphs, 543 ; optical tele- 
graph. 625 

Charcoal, its use and heating-no wer, 356 
Charles, experiments with balloons, 89, 91 
Chazal, (leneral, system of torpedo defence, 
698 

Chemists’ microscopes, 243, 246 
Chenot’s electric sorter, 658 
(’hevallier, Arthur, improvements in 
microscopes, 241 
Chimes, 126 — 131 

Chimneys, invention of, 886 ; of steam- 
engines, 899 

Chinese ^n^ with paddle-wheels, 448 ; 

steered by the comnass, 519 
Chinese stringed and oow instruments, 158 
Chloroform-vapour and steam, combined 
engines for, 504 

Choiselat, M., improvements in photo- 
graphy, 297 

Ohristone’s applications of electro-plating, 
704 ; electrotype statues at Paris Opera 
House, 711 

Chromography, application of electrotype 
to, 709 

Chromo-heliography, 320 
Chronographs, 647 

Chronometers, comwnsatioii action for, 
373 


Chronopher, regulating Greenwich time- 
signals, 646 
Chronoscopes, 647 
Church bells, 125 

Cithane, or lyres, of the ancient Greeks, 
186, 137 

Clapeyron’s steam -expansion system, 417 
Clarionets, 168, 172, 173 
Clarions, 175 

Ciai'k, Latimer, pneumatic tube for ’mes- 

Cla^, Alvan, refracting telescope at 
Washington, 262 

Claudel's improvements on the daguer- 
reotype, 296, 806 
Clavecin, or haiysichord, 166 
Climate, its influences on mankind, 333, 
388 

Clinometer, 19 

Clerk-Maxwell, Professor, on lightning- 
conductors, 542 

Clocks, electric, 633, 639 ; C')mpenBation 
action, 873 ; illuminated, 687 ; i>en- 
dulums, 23 

Clock Tower of Houses of Parliament, 
electric light at, 685 
Clothing, conductibility of heat by, 859 
Clouds, electric, means of dissipating, 531 
Coal, its use and beating power, 854 
Coddington's lens, 235, 287 
Coffey’s apparatus for distilling alcohol, 
379 

Coining, steam presses for, 491 
Coke, its employment and heating power, 
854 

Collin, M., carillons at St. Germain 
I’Auxerrois, 129 

Collodion, its employment in photography 
and heliography, 802, 311, 318 
C’olour of clothing, conductibility of heat, 
361 

Combe’s safety-lamps for miners, 863 
Combined engines, 459, 503 
Communicators for electric telegraphs, 573 
Compos, the : declination compass, 519 ; 
variation compass, 524 ; surveying com- 
pass, 526 ; inclination compass, 527 ; 
dip circles, terrestrial magnetism, 527 ; 
declination, inclination, and dynamic 
intensity, 528 

Compensating pendulums and balances, 
369, 874 

Compound microscopes, 239 
Compressed air, industrial applications of, 
69 

Compressed-air locomotives, 473 
Compressed-air posts and railways, 77 
Concert-rooms, application of acoustics to, 
116 

Condorcet, improvements in lighthouses, 
224 

Oonductibilii^ of heat, laws of, 857 
Oonstantinoflrs chronograph, 649 
Oontiu-basso, 148 

Cook and Sons’ refracting telescopes, 262 
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CooWs inventions in electric telegraphy, 
546 ; telegraph, single-needle, 550 ; two- 
needle, 554 

Cooke, Conrad, electric light at the Houses 
of JParlinnient, 685 
Copper-plating by electrotype. 708 
Copper-plate engravings reproduced by 
electrotype, 707 

Copper elecbt>-plating, M. Ondry’s process, 
718 

Copper wires for telegraphs, 607, 612 
Cor d'hannonie, 174 
Cordovan, lighthonseR at, 220, 221, 227 
Comet-k-piston, 177 
Cornish steam-engine, 894 
Cotton, Sir Arthur, his applications of the 
eolipyle, 890 

Cotton as a beat*condiictor, 860 
Cox's application of the voltaic current, 
544, 597 

Cramptou’s locomotive, 467, 470 
Cranes, steam, 484 

Crosslev's improvements in gas-engines, 
511 ' 

C*uif *8 simple microscope, 237 
Cngnot’s steom-carria^, 461 
Currie, Messrs., distillery at Bow, 880 
Cylinders of steam-engines, 411 ; of mar- 
ine-engines, 457 
Cymbals, 128 


D. 

Dagroii*s improvements in microscopic 
holography, 310, 311 
Damieire and Niepce, inventors of photo- 
graphy, 289, 290, 291, 292 
Dagueneotype, 292, 294, 313 
Daguin, medianism of the violin, 145 
DaUbard’s experiments with lightning con- 
dnctors, 532 

Dallery's screw-propeller, 461 
DanieU's electric batteries applied to tele- 
graphy. 620 

Davy, 8ir Humphry, origin of photogra- 
phy, 2d0 ; safety-lamp, 861 
Declination compass, 519, 521 
Delambre's pemndicular level, 18 
De La Bive, IL, improvements in photo- 
graphy, 807 ; discovery of electro- 
plating, 708 

De La Boe, Warren, applications of photo- 
mphy to astronoif ly, Z27f 829 
Delemrs air-pnm^ 68 
Deliile, Captain, application of the screw- 
propeller, 452 

Dent’s compenMition pmidnlum and btl- 
snce, 878, 875 

Desgoffe and Ollivier’s sierhydratilic press, 
86 

Detonche’s time-dial, 687 

Dew, formation of, 882 

Dial telegraphs, 548, 559—572 < v 


Diderot, sound of hulls, 125 ; origin of the 
guitar, 154 ; mechanism of the organ, 
190 

Dignoy-Morse electric writing telegraph 
579 

Dioptric lighthouses, 222 i telescopes, 261 
Dip-circles, 527 

Direct-motion steam -engines, 427, 457 
Distillation, processes and apparatus for, 
376 

Dollond’s improvements in optical instru- 
ment^ 258 

Domestic applications of heat, 368 
Double-action puin}>H, 52 
Double-bass, 148 
Drainiug marhiues, 55, 82 
Drawings reproduce by the pantelegraph, 
600 

Drums, 119,131 

Duloscq's ele<‘tric-lamp regulator, 674, 677, 
681 ; electric-light apparatus at Pans 
Opera House, 681, 683 
Duenenne’s electro-medical apparatus, 722 
Ducos du Hauron’s process ot chromo helio- 
grapliy, 822 

Du Garuiii's process of heliography, 819 
liiijartlin’s printing-telegraph, 588 
Dumas’ improvements on the daguerreo- 
tyja* process, 294, 296 
Dumas ami Benoit's electric • lamp for 
miners, 690 

Dunkerque, chimes of public clocks at, 
128 

Duplex telej^raphy, 629 
Dupny de L<)me^s experiments in aerial 
navigation, Ktl ; marine engine, 471 
Duqnest, his application of the screw to 
navigation, 451 

Du Quet, paddle-wheels proposed by, 
448 

Dwellings, ronductibility of heat in, 857 
Dynamo-electric light machine, 670, 685, 
689 


E. 

Earthenware stoves, 845 
Ear-trumpets, 118 

Eclipses, photographic representations of, 
827 

Edwards’ process of heliography, 819 
Egyptian mirrors, ancient, 202 
Euler-down as a heat-condoctor, 861 
Electricity, 581—726 ; applications of the 
laws of, 8 ; lightning-condnotors, 581 ; 
chimes of bells, 181 ; clocks, 688, 689 
Electric light, 807, 667, 678, 679 
Electric lighthouses, 680 
Electric teiegrapliy, 9, 548 — 682 ; its inven- 
tion, 548 ; ^ueral theory, 546 ; needle- 
telegraph^ 548 ; dial-telegn>ph% 559: 
tlme-si^b.,645 
Eieciro-cnemim telegraphs, 597 
Eiectro-ohemistfy, 702 
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Klectrods, soluble, in electrotype process, 
706 

Electrolysis, 709 

Electro-magnetic machines, 547, 651, 654, 
659, 660, 666, 671 
Electro-medical apparatus, 722 
Electro-motors, 651, 654, 657 
Electro-plating, 701 — 718 ; historical 

sketch, 701 ; electro-typiug, 704 ; gal- 
vanizing and gold and silver-plating, 711 
Electro- typing, 704 

Elkiiigton s electro -typos, 662 ; electro- 
plating, 704 

Ellicolt’s compensation pendulum, 871 
Eisner’s improvements in electro-plating, 
704 

Engerth’s goods locomotive engine, 472 
Engines, Steam {see Steam-engines.) 
Engravings, corrected and reproduced by 
electrotype, 706, 707, 708 
Enlarging process in photography, 809 
Eolipyle invented by Hero of Alexandria, 
889 

Erecting telescope, 262 
Ericsoirs screw-propeller, 452 ; hot-air 
engine, 506 

Esquimaux, their elothiug, 359 
Ether, vapour, and steam, combined en- 
gines, 503 

Ethnology, photographic illustrations of, 
324 

Evans, Oliver, steam-carnage invented by, 
461 

Exploding apparatus for mines and quar- 
ries, electro-magnotic, 696 
Explosion of stenm-boileis, 500 ; of tor- 
|>edoe8, 699 

Express locomotive engines, 473 


F. 

Faraday, improvements in submarine tele- 
g]*apLy, 616 ; discoveiy ot the induction 
of electric currents, 660 
Fnreot’s steam-boilers, 406 
Fargier’s discoveiics in hcliography, 317 
Fifes, 168, 170 
Fire and fireplaces, 334, 337 
Fire-balloons, 89 
Firo-clay for stoves, 845 
Fire-engines, 68, 4i»8 

Fitzgerald, Keane, improvements in steam- 
engines, 444 

Fizenu’s improvements on the daguerreo- 
type, 294 ; inventions in heliogiaphy, 
813 

Flageolets, 168 

Flutes, 120, 168, 170, 173 

Flywheel of st^m-engino, 422, 426, 427 

Foculus, Kotnan, 385 

Foi*co-pum]»8, 51, 58 

Foucault, Leon, proof of the rotation of the 
earth, 26; heliostaty 215; sideroatat, 
216 ; improvements in mirrors for tele- 


8<*ope8, 273 ; electric-lamp regulator, 
674, 677, 680 
Fountains, 44, 81 

Foy and Bi’eguet’s needle telegraph, 556, 
568 

Franco-Oerraan War, employment of bal- 
loons, 99 

Franklin’s invention of lightning-conduc- 
tors, 632 

Freitel’s printing-telegraph, 683 
Fresnel, lenticular apparatus applied to 
liglithous4'S, 223, 230, 701 
Fnedland^ French steam frigate, 456, 468, 
459 

Froment’s dial telegraph, 671 ; relay 
attached to the Morse telegraph, 678 ; 
electric regulator, 636 ; electric clock, 
640 ; electro-magnetic engine, 654 ; 
electric dividing* engine, 657 
Frot, M,, animoina engine, 604 
Fryer’s double-action pump for compressing 
air, 72 

Fuels, use and beating iK)wer of, 354 
Fulton’s improvements in steam navigation, 
447, 448 

Furnaces of steam-engines, 897, 399, 400 
Furniture, aitistic, ornaiiieiited by electro- 
plating, 716 


G. 

Galileo, oscillations of the pendulum, 23 ; 

tele8co]>e, 251, 254, 255 
Galton, Douglas, ventilating firoiilace, 
343 

O ilvanic chain, Pulvermacher’s, 719 
Galvanized iron wire for telegrapls, 607, 
610, 618 

(galvanizing and gold and silver plating, 
711 

Gtdvaiiometers, used in electric telegrapliVi 
565, 680 ; Thomson’s, 617,619; Schwei- 
ger’s, 660 ; in electric room at Opera 
House, Paris, 682 

Gainbey’s declination compass, 621, 622 ; 
heliostat, 215 

Garnerin’s balloon ascent with parachute, 
99 

Garnier’s electric regulator, 684, 638 
Garret’s road-locomotive, 478 
Gis, its employment and heating-power, 
355 

Qas-l alloons, 91, 92 
Gas-engines, 509 
Gas heating apparatus, 351 
Ga8-pum[»s, 63 

Gauger, on fire and fireplaces, 841 
Gauss* object-glass for telescones, 258; 

discoveries in electric telegrapliy, 545 
Gay-Lussac’s centesimal alcoholometer, 
88 ; meteorological experiments with 
balloons, 102 ; report on the invention 
of the daguerreotype, 298 
Gemini, telescopic view of stars in, 261 
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Ckneratorsi in marine engines, 456 ; in 
locomotives, 466 
Geodetic obeervations, 18 
Geography, photographic illustrations of, 
324 

Geolc^cal section of the basin of the Seine, 

45 

George's correction of engravings by elec- 
trotype, 708 
Ckrman stoves, 347 
German flutes, 170 

Giffard's experiments in aerial navigation, 
101 

Gil lot’s process of photolithography, 318 
Girard's improvements in mici'oscopic 
photography, 310 

GlcBsener's two-ncedle telemph, 555 
Qlaiaher, James, meteorological experi- 
ments with balloons, 95, 103 
Glasses, musical, 126 
Glass, photography ou, 305 
Glass, (5^ Burning-glasses, burning mir- 
rors, and mirrors.) 

Godar^ £., hot-air balloons, 94 
Goddat^’s improvement on the daguerreo- 
type, 295 

Gold-plating by electro-type, 703 
Gon^ 123 

Goods locomotive engines, 470, 472 
Gouband's ice-machine, 386 
Governors of steam-engine, 423, 426 
Graduation-pile for evaporation of salt- 
waters, 380 

Graham’s compensatiou pendulum, 371 
Gramme’s mai^eto-electnc macliiues, 665, 
666, 667, 668, 685 
Grates. (8u Fire and fireplaces. ) 

Gravity, direction of, 17 
Oreai Eadem sfeamship, 456, 457, 615 
Gregory’s application of mirrors to reflect- 
ing telescopes, 263, 268 
Green's balloon ascents, 95 
Greenwich mean time, and electric time 
signals, 645, 646 

Greenwich Observatorj', sidereal clock at, 
373 

Griffith’s screw-propeller, 453 
Gronvelle’s hot-water and steam heating 
apparatus, 354 

Grove’s improvements in photography, 314 
Guamerios, of Cremona, uis violins, 119 
Guitars, 152 

Gutta-percha covering for telegraph wires^ 
612 

Gyniioope, 28 


H. 

Haarlem, lake drained by steam power, 
55 ; great oigau at, 184 
Bnckworth’s improvements in locomotives, 
462, 466 

Hadley, inventor of the sextant, 206 
Hair a protection from cold, 359, 360 


Httlse's electro-medical apparatus, 722 
Halske and Siemens* lightning-conductor 
for electric telegraphs, 627 
Hammer, steam, 488 
Hand flre-engiues, 58 
Harmonica, 120 

Harps, 120, 135, 188, 154 ; Welsh, 159; 

Burmese, 160 
Harpsichoids, 166 

Harris's lightning-conductors for shitM, 
542 

Harrison, inventor of the gridiron pendu- 
lum, 370 

Hassenfratz on speaking-trumpets, 111 
Hautboys, 120, 168, 172, 173 
“ Hazir,” or harp of the Jews, 135 
Heat, application of the laws of, 2, 8, 333 
—615 

Heating powers of coal and other fuel, 355 
Heat produced by electricity. 701 
Heights measured by the barometer, 84 
Heliography, 807, 813—829 
Heliostats, 212 

Helmholtz, improvements in stereoscopes, 
284 

Hemp covering for telegra]>h wires, 613 
Henley’s magneto-telegraph, 556 ; iieecBe- 
telegrapb, 557 

Heptachord hai*p of the ancient Greeks, 
137 

Hero of Alexander, las invention of ^he 
eolipyle, 389 

Herschel, Sir John, discovery of the solvent 
action of hyposulphite of soda, 294 ; 
astronomical photo|paphy, 327 
Herschel, Sir w., improvements in tele- 
scoiMss ; great telescope at Slough, 264, 
267 ; mirrors ground and polished by 
him, 269 

High-pressure steam-engines, 426, 428 ; 
jfbr navigation, 455 ; locomotives, 468 ; 
nloughiDg-niachines, 487 
** Hing-Kou,” or Japanese tambourine, 134 
Hipp's electric clock, 642 ; modification 
of Wheatstone's chronoscope, 649 
Hoe’s ten-feeder steam printmg machine, 
493 

Holmes’s electric time-signals, 645 ; mag- 
neto-electric machines, 662 
Holophotal arrangement in lighthouses, 
228 

Horizontal flre-engine, 61 
Horizontal steam-engine, 427, 428 
Honui, 120, 168, 174 
Horology, electric, 633 
** Hone-power,” defined ; application of 
the term to the work of steam -engines, 
485 ; of paddle-wheels, 448 ; of marine- 
engines, 455 

Hot-air, beating by, 849 
Hot-air balloons, 91 
Hot-air engines, 506 
Hot-water heating apparatus, 349, 351 
Hondin, Robert, his electric regulator, 637 ; 
electric clock, 641 
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Hnber on universal telegraphy, 611 ; 

statistics of electric telegraphy, 631 
Hughes, Professor, his printing telegraph, 
688, 686 

Huffon’s gas-engine, 609, 611 
Hull, J., proposed marine steam-engine, 
446 

Humboldt, on the mariner’s com|)ass, 619 
Hunting horn, 176 

Huygens’ application of the pendulum to 
clock-making, 28 ; his cycioidal pendu- 
lum, 25 ; origin of the steam-engine, 891 
Hydraulic ram for compressing air, 72 
Hydraulic press, 4, 83 
Hydrometers, 87 

Hypatia, discovery of the areometer a- 
scribed to her, 88 


1 . 

Ice, artificial manufacture of, 882—388 
Ice, burning-glass made of, 867 
Ice-houses, 868 
Illuminated clocks, 637 
Illumination, electric, Electric light). 
Inclination compass, 627 
India, formation of artificial ice in, 882 
Indicators, of steam-engines, 666, 674, 679, 
681, 683, 607, 699, 616; of electric 
telegraphs, 661, 568, 671 ; electric clocks, 
634^ 686 ; fire-damp, 624 
Indret steam-planing macdiines, 491 
Induction of electric currents, discovered 
by Faraday, 661 
Inexhaustible bottle, 48 
1 iisulators for telegraph wires, 608 
Inverting telescope, 266 
Invisible woman, the, an acoustic puzzle, 
109 

Iodine, its application to photography, 296 
Iron, electro-jdating on, 712 
Iron ships, their effect on Ihe compass, 628 
Iron wires for telegmphs, 607, 610 
Isle Oronsay, azimuthal condensing light- 
house, 280 


J. 

Jacobi’s electro-motive engine, 661 ; dis- 
covery of the electromotor, 702 j process 
of electrotvping, 706, 706 
James, Sir Henry, K.E., photolithographic 
])roce8S, 817 

James, William, improvements in locomo- 
tives, 462 

Jainin’s magneto-electhc machines, 666 
JaiMtuese gongs, 124 ; liells, 127 ; tam- 
bourine, or Hing-Kou, 184 ; violins, 
189 ; gotto, or Taki Koto, 166 
Jeanrenaud, his process of heliography, 
819 

Jedlick’s electro-motive engine, 661 
Jewish harps, ancient, 186 


Jew 8 harp, 122 

Joly’s ventilating fireplace, 844 
Joutfroy, Marquis de, inventor of a steam< 
boat, 446 

Jupiter, telescopic view of, 276 


K. 

Kehl, bridge at, 83 

Kepler’s discovery of astronomical tele- 
scope, 262 
Kettle-drums, 132 

Kircher, compound mirrors made by, 3t)7 
Koenig’s improved stetho8CO|)e, 114 
Koenig, F., first steam printing-machine, 
491 

Krupp’s steam-hammer,, 488 


L. 

Jjaborde’s discoveiies in heliography, 317 
Lachez, Th., application of acoustics to 
architecture, 116 

l^ckerliauer’simprovements in inici*obcopic 
photography, 310 
Lactometers, 39 

Laennec, inventor of the stethoscope, 
114 

I^afont, M., combined engine (steam and 
chloroform vapour), 604 
La lUve lighthouse, electric appai-atus, 
681 

Lambert on speaking-trumpets. 111 
Lamps, electnc, 678 
l^mps, safety, for miners, 861 
Laplanders, clothing of, 369 
Larmanjat’s road locomotive, 478 
Laubereau’s hot-air engine, 607, 608 
Laugier’s apparatus for distilling alcohol, 
878 

Lenoir’s gas-engine, 609, 610, 512 
Lenses, their application to lighthouses, 
222, 227, 231 ; for telescopes, 260 ; for 
burning glasses, 869. Microscopes, 
Telescopes.) 

Lenticular apparatus applied to lighthouses, 
226 

Le Roux, his improvements iu photography, 
808 

Leroy’s compensation |)endulum, 870 
Le B^’s system of electrical communica- 
tion, 544 

LethuUier-Pinel, his magnetic gauge, 408 
Letter-weights, 81 

Ijevels and plumb-lines, 17 ; water-levels, 
41 ; spirit-levels, 42 
Liburuse, ancient Roman ships 448 
Lignite, its use and heating power, 864 
Light, applications of the laws of, 6, 201 — 
829 

Light, electric, 668, 678, 679 
Lighthouses, 220-— 282, 662, 680 
Lightning, 683 
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Liglitning-coDductorsy principles of their 
construction, iiSl ; descriptiou and ar- 
rangement of, 536 ; for electric telegraphs 
580, 624 

Lippens, electric alanim, 622 
Lippershey, Jean, discovery of the refract- 
ing telescope, 250 

Lithography and photolithography, 817 
Lochindiul lighthonse, 231 
Locomobile, or portable engine, 484 
Locomotive steam-engines, 428, 461 — 
484 

J«omond*8 electric telegraph, 544 
Longitude determined by electric time- 
signals, 645 

Lot^ his road locomotive, 478 
Louis XIV., his chair to increase warmth, 
338 

liOw-pressure steam-engines, 426 ; for 
navigation, 454 

Lunar crater, telescopic \ iew of, 275 
Lutes, 153 

Lyons, Breguet’s illuminated clocks at, 
637 

Lyres of the ancient Greeks, 136, 137 


M. 

Mucconnell’s locomotive engine, 470 
needier, on astronomical photography, 
327 ; his map of the moon, 329 
Magelbin’s per)iettial meteorograph, 723 
Magic funnel, 48 

Magnatism and electricity, 519—726 
Msmesium Jamp^ their ap]>)ication to 
photography, 308 

M.ignetic exploder for blasting mines, 
697 

Magnetic gaum for steam boilers, 403 
Magnetic ueeme, 520 
Magneto-alphabetical telegraph, 578 
Magneto-electric machines, 620, 660, 673, 
680 

Magnifying glasses, 235 
Mandoline or mandora, 153 
Manipalators of electric telegraphs, 572, 
576, 580, 683, 597, 599, 616, 6J8 
Maps of the moon, 328 
Mari^ Davy battery applied to electric 
telegraphy, 620 

Marine-buileii and engines, 445, 454 
Mariner's compass, 519—530 
Marly, water-wheels and jnunps at, 55 
Marriotie’s burning * glam of ice, 867 ; 

comprised air*^faiiges, 404 
Man, telescopic raw of, 275 
Mason's levels, 18 

M*»fison's inventions in electric telegraphy, 
546 

Maudsley's marine-engines, 457 
Mazeline steam-lathe, 491 
Medals reproduced by electro-typing, 
707 


Merlical electricity, 719 
Mercury box for developing daguerreotype, 
293 

Metallic precipitations, magneto-electric 
machines for, 666 

Metallic pressure-gauge for steam-boilers, 
405 

Metallic sifter, electric, 658 
Metals as heat conductors, 363, 364 
Meteorology, 5 ; employment of balloons, 
99, lOi 

Meteorological observations, electricity 
applied to, 722 

Meyer's pan telegraph, 603, 604 
Microscopes, 283—248 
Microscopic photom])hy, 308, 325 ; de- 
spatches during tlie siege of Paris, 811 
Microscojiic projections, use of the electric 
light, 689 

Military operations, application of aerosta- 
tion to, 99 ; employment of the electric 
light, 689 

Miller, Patrick, his work on steam-navi- 
gation, 446 

Miners* safetj -lamps, 861; electro- magnetic 
apparatus for, 690 

Mines, blasting by electro-magnetism, 
698 

Mines illnminated by electricity, 686—690 
Minotaur steam-sliip, 467, 458 
Mirrors and reOccting instruments, 2^1 
Mirrors tor reflecting telescopes, 263, 270 
Mirrors. {See Burning-miiror^, ) 

Models copied by electro-typt*, 709 
Moitessiei 8 improvements m microscopic 
photography, 310 

Monocular and binocular vision ; the 
stiTcoscope, 280 

Moon, mafia of the, 328 ; heat of its 
reflected rays, 868 

Moutcel, improvements in submarine tele- 
gtnphy, 616 ; electro-motive engines, 
651 ; electro-magnetic machine for blast- 
ing mines, 695 ; anemograph, 723 
Mont Oenis Tunnel, 4, 7 1 
Montgolfier's experiments with balloons, 
88, 91 ; hot-air engines, 506 
Moreland, Samuid, inventor of the speak- 
ing-trumpet, 111 

Morin, General, products of combustion, 
843, 346 ; steam-boilers, 410 
Morse, his inventions in electric telegrajihy, 
546 ; the Morse alphabet, 582; Morse 
writing-telegraph, 575 
Morse-Digney telegraph, 579 
Mountain locomotives, 473 
Murray's improvements in steam-engines, 
444 

Mnsette, or Improved bag-pipe, 180 
Musical box, 121 

Musical instruments in relation to the laws 
of sound, 5, 119-197 
Musical telephone. 112 
Music rooms, application of acoustics to, 
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N. 

Nacljct’s inrliiiod and binocular micro- 
scopes, 243, 245, 246 
Nasmyth’s steam-hammer, 488 
Natumlists’ magnifying-glasses, 236, 236 
Nautical telegi’aph ; Trove’s night lantern, 
698 

Navpz, Captain, his chronograph, 469 
N avigation. Steam, 445 
Navigation, electric light applied to, 
686 

“ Nebel,” or harp of the Jews, 135 
Nebulffi, telescopic view of, 275 
Needle, magnetic, 520 
Needle-telegraphs, 548 
Neef’s contact-breaker, 721 ; princi)de of 
I'lectric alarum, 622 
Nero’s fountain, 81 

Newall, 11. S., refracting telescope. Gates 
head, 262 

New Caledonia, lighthouse, 227 
Newcaatle-on-'ryne, electric tiiae-guii, 646 
Newcomeu’b atmospheric engine, 439 
Newapa])er ]>nntiug ; 'I'lnics printing- 
raachine, 494 

New York atniosphoric railway, 80 
Neyt’s improvements in microacopie photo- 
graphy, 310 

Niepce (le Saint Victoi, inventor of jdioto- 
gi*{iphy on albuimiiiy*d glass, 301, 311, 
discoveries in cbrouni-lieliogrnpliy, 321 
Niepce and Daguerre, inventors of plu»to- 
graphy, 289, 290, 291, 292, 298, 301, 
31 3 ; hot-air engines, 506 
Night, electric lights applied to works at, 
686 

Nigre’s process of lieliognipliy, 319 
Nolde, Captain, liis chionograjdi, 649 
Nollet’s olcctric regulatoi uml time dial, 
637 

Norwegian stoves, 347 
Nott and Gamble’s dial telegraphs, 567, 
569 


O. 

Ocean tclegra]>li lines, 611 

fKrsted’s discoveries in electric telegraphy, 
545, 660 

Opera-glasses, 252, 254 

Opera House, Paris, electric light room, 

688 

Ojihicleide, 176 

Optical apparatus employed in photo- 
graphy, 304 

Optic^al instruments, ajiplication of the 
Jaws of light to, 7. (-Sice Microscope, 
Telescope.) 

Organ, the, 120 ; historical outline, 181 ; 

K and stops, 182 ; inechauism, bel- 
, sound-board, claviers, pedals, &c., 
185; organ of St. Brieux, 187 ; groat 


organ at Primrose Hill, 193 ; Bai ban’s, 
or Barbary organ, 196 
Orientation. {See Magnetism.) 

Osborne’s discovery of photo-lithogra|jhu‘ 
process, 317 

Oscillating steam-engine, 427, 429; mar- 
ine, 457 

Oscillating electric motors, 651, 652 
O’Shaughiiessy’b 8uba<iueou8 telegraph, 
611 

Otto and Langen’s engine, 510, 613 
Oudrey’s electro-tyj»c cojiies of bas-reliefs 
of Trajan’s Column, 711 ; process of 
copper electro-plating, 718 
Owen’s double-action pump, 52 
Ozanam, D., photographic registers of 
pulsation, 311 


P 

Pacinotti’s magneto-elcctnc machine, 66], 
663 

Paddle-steamers, 448 
Ptiddle-wheels, action of, 449 
Paiitelegraphs, 548, 599 
Paper, ]>hotography on, 305 
Paper for autographic tclcgiajihs, 602 
Pa]nn’8 steam-engines, 391, 392, 438, 4t5, 
448 

Parabolic mirrors in lighthouses, 221 
Parachute'*, 98 

Paris ; Observ^atory, new telescope, 271, 
277 ; siege of, use of balloons, carriei- 
pigeoiis, and microphotograpliy, 311 ; 
application of the electric light, 689 ; 
consumption of fuel in, 355 ; telegraph 
lines, 610 ; electric light and statues in 
electrotype at new Opera House, 681, 

Passy, artesian veil at, 46 
Paucton’s application of the screw to navi- 
gation, 461 

Pease, Edward, improveimnitf* in locomo- 
tives, 462 

Peat, its employment and heating powei , 
354 

Pendulum, oscillations of the, 23—82 ; 
rotation of the earth proved by its 
deviation, 26 ; coini>en8ating, 369; t>f 
Caselli’s jiaii telegraph, 603 ; electric, 
639 

Penn’ marine-engines 457 
Perforating niachiuo in Mont ( 'enis Tunnel 
75 

** Perforator,” in printing telegraphs, 692 
Perier, early experiments with marine 
steam-engines, 446 

Perkins’s hot-water heating apparatus, 352 
Perrot’s improvements in electro-plating, 
704 

Persian drums, 132 ; violin and tambouiino, 
151 

Peson, a foim of steelyard, 31 

3 B 
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Petroleum balloons, 94 
Photo-chemistry, 7 
Photo-electric microsi'ope, 247 
Photography, 7, 289 — 297 
Photographic microhcopo, 325 
Photography ; on |)a(ter, collodion, and 
glass, 298—312 ; with ai tificial light, 307 ; 
its application to arts and sciemvs, 323 ; 
use of the electric light, 689 ; registering 
meteorological observations, 723 
Photolithography, 313 -329 
Photomicrography, M. Girard on, 310 
Pianofortes 120, ‘l88, 161—166 
Ibctet’s ice making pro(*ess, 388 
Pigeon- post during tlie siege of Paris, 100, 
311 

Pile-dn\eis, baud and mechanical, 19 
Pi|x*tt€*, 47 

Pixu’s magneto-( Icctric machine, 661 
Placet’s plm•es^of hcliograpliy, 319 
Planets, telescopic views of Jupiter nud 
Mars, 275 

Pl'intc’s improvements in electro typing, 
710; elci’tro-silveiiiig, 715 
Plongliiug-machmeh, steam, 485, 486 
Plumb-line and levels, 17 
Pneumatic ma ‘bines. 63 
Pneumatic tub-, 4, 78 
Poitevin’s carbon process for printing 
photogi-apbic pi oofs, 314 ; chroino-hclio- 
mpby, 322 
Poles tclegrapli, 6o7 
PoK'cIain stoves, 34s 

Porta, the inventor of the camera obscura, 
289 

Poi table engines, 481 
Postage-.staui|»s]triiited from elect r>-tv|>es, 

Poiiillet’s chroiiosco|ve, 649 
** power” of steain-engines, 433 ; (ami .see 
Hoisc-{»ouer 

PresKU re-gauges of steam-ltoilers, 403 
Printing pbotograjdiic proofs, 314 
Printing mai'biiics steam, 491 
IViiitiiig eln-tric telegraphs, 54H, 583 — 
697 

Projectiles, their velocity ineasuied and 
recorded, 649 
“ Prwf-spint,” 40 

Propulsion of ships; wheels, (laddles, 
screw* pro[)eIler, 448, 450 
PseudoscO{>e, 286 

“Puffing Billy,” the oldest locotiiotive 
engine, 462 

I'ulsatjou reg^red by photography, 311 
Pulsiloginm, invented by Galileo, 23 
Pniremiacher*s chain, galvanic, 719 
Piimjw, 51 , 72 ; steam, 484 


Q. 

<^ututcii;s balance, 30 


R. 

Railways, early history of, 461 ; statistics 
of their extent, 499 
Railway telegraphy, 666 
Ramshottom’s engine -pistons, 413 
Raspairs microscope, 237 
RateFs improvements in photography, 297 
Reed iustraments, 171 
“Receivers,” in printing ttdegraphs, 695, 
618 

K»‘flectiug instruments ; mirrors, 201 ; 
sextants, 206 ; goniometers, 209 ; hclio- 
star and siderostat, 212, 216 
Reflecting or catoptric lighthouses, 22l 
Reflecting telescopies, 263 
Refle<‘tiug and refracting stereoscopes, 281, 
283 

Refracting or dioptric lighthouses, 222 
Refracting telescopes, 249 
Regulators of steam-migines, 422 
Regulators, electric, 634 
Regnlntorsof electric lamps, 673 ; Seirin’s, 
685 

Rebel’s electric ttdegrapli, 514 
Relays attached to elcctiic telegraphy, 578, 
579 

Keiiard, Leon, on hghthonses, 221 
Rennie’s <Iim* rotatory steam-engine, 431 
Klieo electric mtichines, 721 
Kihhon-paiicr for jiriiitnig telegraphs, 593 
Rihouri’s compressed-air locomotives, 476 
Rimini, Valturius do, ancient paddle- 
wliei Is, 448 

Ritchie’s discoveries in clectiic telegraphy, 
545 ; electric regulator, 637 
Road-locomotives, 461, 477 
Road-locomotion, future of, 481 
KoliervttPs balance, 32 
“ Rocket,” George Stcveiisons locoinotive- 
eugtne, 462 
Roman foe ulus, 335 
Ronald’s electric telegraph 544 
RoseJenr’s balance for electro-jdating, 718 
Rossc, Lord, refleiding telescope, 265, 268 ; 

heat of the moon’s lays, 369 
Rotating electro motors, 652 
Rotation of the earth piroved by deviation 
of the pemlulntn, 26 
Rotatory pumps, 56 
Routury steam-engine, 480, 432 
Rowing* wheels, iiscil for ]»ropelling ships, 
448 

Roux, M., electro-magnetic machines, 681 ; 

electro-medical appiarat^ 721 
Rozier, Rilatra dc, his aerial voyages ; fatal 
result, 90 

Ruhmkortf ’a induction coil, 693 ; electro- 
medical apparatus, 721 
Umnfurd, Count, on Are and firo-pdaces, 
341 ; fabrics as beat-conductors, 360 
Ruok, M. de, ilnprovemeuts iu electro- 
plating, 704, 711. 

Rttoaian stoves, 847 

Ruth van's hydraulic propeller, 450 
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S 

SacehaionieteiSy 38 

Safety valves ol steam engines, 402, 501 
Salety ink for |)iinting postage stumps, 708 
Safety-lamps, 361 , tkctro magiictit, 693 
St Hiieiic, oigaii at, 187 
St (kiniaiii, atmosplicnc lailway, 67 , 
(iiiillons, 129 
St (lolliard tunnel, 473 
Sdlinietds, 38 
Salleron s amniogiaph, 723 
Salt pits, 881 

Salt watd, c^apo^lt 1 on of, 380 
Salva s (kttiK tele giapli, 544 
Salvatoi (Itl Isigio, Ins elect lo motive 
engine, 651 

Sanctoiius, his balance oi weighing biulge, 
31 

StU age’s application of the Bcreiv piopellei,, 
452 

Sa\ngps, thdi mode of making file, 814 
SdVdit’s evpeiiments iMth \iolins, 145, 

1 16 titip(7oidnl violin, 147 
Savciv s sit am ingiiic, l»93, 438, 439 
Saxojhoiu, 17 S 

S ixton’s magiuto tltttm mac bine, 661 
Sdidiid, latlici, Jus astionoinical teb- 

S( ()p( , 262 

S( hilling H tlibcovdios in eleitiit 1th 
mapli>, 545 

St liw( iggci’s invditioi (ftht niiiltiiliti oi 
gilvdiioiiKld, 644, 5 >7, 660 
Scott, Majoi de ( on icy, discovery of 
]>hot()lithograih>, 317 
Stott, Ctiid il, applnation of acoustics to 
tht Albeit Hall, 117 
Sdtw piopclltr, 460 
Stitw sttannis, 460 

Sculptuu ])liotogiaj)bit itpn sdilatious of, 
324 , cojuttl by ehetio tvpt, 709 
Sect In, Fallitr, Ins incttoroginph, 724 
Seguiii, J\Jaik, inventor (>l tubular loileis, 
466 

St ldiogra])lni al mn]) of llie moon, 328 
Septila, Maiifietl, bis 1 nimiig ininoi, 3f6 
Seiiiii H t hctiit lamp Hgulatoi, 675, 677, 
678, 680, 685 
Sextant, the, 206 

Shaiid and Mast ns cciuilibiium hie 
engine, 60, vvatci tube boilei foi hie 
djgines, 408 
Ship’s compass, 623 

Ship’s signals, I’l eve’s lantern for night 
tt^hgraphy, 698 

Shortci, his application ot the sciew- 
piopeller, 462 

Shorthand messages tiansnntted by pan- 
telegiaph, 603 
Siberians, clothing of, 369 
Side-lever enguie, 456 
Sidcrostat, 212, 216 

Siege of Pans, use of miciopbotograpliy 
and carriei -pigeons, 811 , njipliCHtion of 
the electric lijjit, 686 


Sienidib’ (hal-ttlegidi hy, 667, 66‘h 576, 
automatic Morse tthgiaph, 681, iin 
piovemeiits m submaniie tehgiaj>hy, 
616; lightning ( onductoi foi ehctiic 
telegiaphs, 627 , dynamo-eleetiir light 
appaiatus, 669, 689, 691 
Signals, shij) , Tiive’s lantein lor night 
telegidph), 698 
Sikes s h} dioiiit Ui, 40 
Silheiniaii, J T , hie hdlloons, 94 , helio- 
stat, 214 

Silk as a heat contlin toi, 360 
Siivei minor teltsto]»es, 277 
Silvd plating by eit i tio t\| t, 703, 712 
Simple uiieioscopes, 233, 234, 237 
Siijglt needle teh graph niamimlatoi aiid 
indicatoi, 560 

Sue, G, canllons at St (iiinidin 
1 Au\d lois, 129 

Sistra of tht ancient Pg^ptians, 122 
Skins of niiiinal'' ns clotlnnj., 359 
Sinet ’h clistoveiies in c Jet tro j luting, 704 
steicotjpc platts Joi bank notes, 7< 8 
Smith, lia//i, htdt tf the moon b la^s, 
369 

SinUh’s strew propcllci, 452 
Siiiokf, loss t)l beat in, 355 
Smtkt t onsuming fuin i( ( s, 400 
Smjth, Plot Piazzi, ( let tne tinie-siguals, 
646, 646 

^ttmn Clings i} plication of the voltan 
tuiient, 544, ,;h7 
''ohii inidostojH, 217 
“ Sonnantes,” hjiiinonua, with metal htlh, 
126 

’^oniitt, M , action of jachlh whttls, 44^ 
S( muons vihiations \Stc Suiintl ) 
Soihj’s ajiplitation of sptttium anal} sib to 
iLit lost t pit 'll 1C St null, 246 
Sc and, applitations ol the laws of, 5, 107 — 
197 

Spam h Iraseio, 335 
Sfiniiish watei tooJtis, 881 
Speak n g tubes, K s 
Spcaking-tninipct, 110 
Spttinnn anal>sis ipidied to niiciost c pit al 
itbeaiLli, 246 

SphiujL steam-ship, bi le h \d engine of tin , 
46S 

Sjuntt, 166 
Spiiit-levelb, 42 
StanhojM h ns, 235, 237, 310 
Stai s, ft h scopu and photoginphic view s of, 
261, 275, 327 

Stathain’s fu&c ftir exploding mines, 695 
Statistics— steam engines, 498, lailw.ijs, 
499, steain-navigation, 456, sub-manno 
telegiaphs, 615 , electric telegraphy, 
630 , el cell 0 metallurgy, 715 
Statues III olectio typo at Pans Opeia 
House, 711 

Steam, motive power of, 889 , \anous 
applications ot, 491 
“ Steam-blnat,” 467 
Steam cranes, 484 
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Steam -engine^ the, 2, 889 —602 
Stoam fire-engines, 69 
Steam-hammer, 20, 488 
Steam heating-apparatns, 861, 358 
Steam-navigation, 445, 499 
Steam ploughing-machines, 486, 486 
Steam printing machines, 491 
Steam pum|^ 484 
Steam-roller, 481, 488 
Steel, electro-plating on, 712 
Steel engravings reproduced by electro 
type, 707 

Stemheirs inventions in electric tele- 
graphy, 546 

Stephenson, George, ini]>roveiiients in 
locomotives, 462 — 466, 470 
Stereoscope, 279 — 288 
Stereotyp^plates for printing Imnk-notes, 
708 ; from wood-engraving, 706 
Stereotyping, 493 
Sterhydrauhe press, 36 
Stethoscope, 113 

St**ven8on, Thomas, his improvcmeiiU in 
lighthouses, 228, 231 
Steapan, automatic, 364 
Stirling, Robert, hut-air engines, 506 
Stockholm tar for covering telegraph 
wires, 618 

Stockton, Koliert, first ‘♦crew-steamer, 452 
Stolte’s rotatory puin]>, 56 
Stone as a beat-conductor, 803 
Storm-clouds 638 

Stornaway Bay, “ ap]iurent light,*’ 232 
Stoves, 844 

Stradivanus of Cremona, his violins, 119, 
146 

Stretchers for telegraph wires, 609, 610 
Stringed instruments, 135—166 
Sturro<*k*8 lo<‘omotive-cngine, 470 
Submarine tele graf>li- lines, 611, 615 
Subtenancan telegraph-lines, 607, 610 
Suction-pump, 51 
Sudre’s musical telephone, 112 
Suez C anal, lighthouses on the, 681 
Sun-spots, teh^scopic and photograpliic 
views of, 275, 327, 328 
Surveying comply 626 
Swan, Professor, improved prisms for light- 
houses, 231 
Swedish stoves, 347 

Symington, W., improvements in steam - 
navi^tion, 446 

Syphon recorder for electric telegraphs, 
619 


T. 

Talbot, H. Fox, invention of photography 
on paper, 298 
Tambourines, 181, 181 
Tar for covering telegraph- wiiae, 618 
Taupenot’s process of ^ 

Telegraphy, electric. (Bee ^ecme Tele- 
graphy.) 


Telescopes, 249—278 
Telephony, acoustid signals, 108, 112 
Telyn, or Walsh harn, 169, 160 
** Temperament,” in Keyed musical instni- 
menta, 168 

Temperature. {See Heat). 

Terrestrial magnetism, 627 
Tessie du Motay’s process of heliography, 
319 

Tetrachonl harp of the ancient Greeks, 187 
Tenlcre’s improvements in lighthouses — 
revolving light, 221 

Tlieatres, appneatiun of acoustics to, 115 
Thcoiiolites, 257, 268 
Theorlw, 153 

Thiel, his process of heliography, 819 
Theyler’s printing telegraph, 583 
Thomson, Sir W., pimtiiig- telegraph, 
583 ; road-locomotive, 479 ; subinaniie 
telegraphy, 616 ; galvanometer, 617 
Threshing-machines, steam, 485 
Thunder, 533 
Time-dials, 637 
Tinie-gun signals, 646 
Time-signals, electric, 645 
Torpedoes, 646, 698 
Traction-engines, 481 
Traian's Column, bas-reliefs reproduced by 
electro- typing, 711 

Transatlantic telegraph-cables, 612, 013, 
614 

Transit circle, 257, 259 
Truiisinittcr, in C'aselli’s pantelegraph, 
602; in Wheutstoiie’s printing-telegraph, 
594 

Transmitting machinery, of ste^im-engincs, 
420, 426 ; of electric clocks, 634 
Transoceanic* telegraph linos, 611 
Trellc’s alcoholometer, 41 
Trembly, M. du, steam and ether combined 
engine, 503 

Treve’s lanteni for nautical night tele- 
graphy, 698 

Trevcthick, Richard, his first steam- 
carriage, 461 
Triangles, 119, 120 

Triger's application of compre^ssod air in 
hridue-huilding, 82 

Tripiers eleetro-moilical apparatus, 722 
TriiKxIs for warming, ancient Greek, 386 
Trombones, 176 
Trumiiets, 168, 175 
Trunk-engines, 429 ; marine, 466 
Tschinihausen, his burning-mirror, 866 
Tubular steam-boilers, 407, 456, 466 
Tunnels bored by compressed-air, 71 
Tunnel, St. Qolhard, 478 
Tyndall, Prof., temperature of the body, 
869 ; artificial ice, 882 


IT. 

UhlOfllv iteain coining pi esses, 491 
Gni venal Udegraphic network, 680 
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V. 

Vail’s printing-telegraph, 580 
Valves of balloons, 96, 97 ; of steam- 
enrines, 402, 601 

Van Maldereii’s electro-magnetic machines, 
680 

Van Monkhoven’s improvements in photo- 
graphy, 308 

Varley, submarine telegra})h}', 616 
Velocity of piojectiles, 649 
Venetian mirrors, 203 
Ventilating fire-placos, 343 
Verdct on electro-motors, 662 
Verite’s electric clock, 639 
Vertical steam-engine, 427, 428 
Villette, his burning-mirror, 365, 366 
Vinegar hydrometers, 38 
Vinometers, 39 
Violins, 119, 138—152 
Violoncello, or bass, 148 
Vision in relief ; the stereoscope, 279 
Vocabulary of the Morse telegruidi system, 
582, 619 

Voltaic pile, its application to telegraphic 
communication, 644 
A’oltaire’s theory of electricity, 631 


W. 

Walker, Chas. V., F.R.S., Greenwich 
time-signals, 647 

Walter steam printing-machine, 491 
Waltmann’s windlass for anemometer ^, 724 
Warming, the art of, 333 — 366 
Washbrough, improvements in steam- 
engines, 444 

Wafehington, refracting telescope at, 262 
Watches, compensatory action for, 873 
Watchmaker’s magnifying-glass, 236 
Water-coolers, 381 

Waterhouse’s prot'e^s of heliograiihy, 319 
Water-levels, 41 

Watt’s steam-engines, 391, 393, 398, 421, 
423, 426, 430, 435, 440, 443, 464 
Weber, electric telegraphy, 646 
Wedgwood, origin of pilot ogrnphy, 290 


Weighing-machines, 80 
Weight, applications of the x*l^<^^oniena 
and laws of, 3, 14 — 103 
Welsh harp, 169, 160 
Wenham’s binocular microscope, 246, 246 
Wheatstone, Sir C. ; reflecting stereoscope, 
281 ; discoveries in electric telegraphy, 
646 ; five-needle telegraph, 649 ; single- 
needle telegraph, 662 ; dial -telegraph, 
669, 667, 668 ; magneto-alphabetical 
telegraph, 673 ; patent for printing 
electric messages, 683 ; automatic high- 
speed printing-telegraph, 691 ; sub- 
marine telegraphy, 611, 616 ; chrono- 
scopc, 647 

Wheels for propelling vessels. {See Paddle- 
wdieels, Rowiiig-wheelfe.) 

Whistles, 170 

Whitehonse, improvements in submarine 
telegi'aphy, 616 

Wilde’s electric light, its application to 
photography, 307 ; magneto- electric 
machines, 062 

Wind-instruments, 120, 167 — 180 
Wind-pumps for draining in Holland, 55 
Window-mirrors, 204 
Windows, eonductilnlity of heat by, 358 
Wollaston’s goniometer, 209 ; i>eriscoi)ic 
magnifying glass. 237 ; doublet, 238 
Wolf-note of the violoncello, 148 
Wood as fuel, its use and heating-power, 
364 

Woodbury’s improvements in photography, 
307 ; in printing photograjihs, 3l8 
Wood engravings multixdied by electro- 
type, 707 

Wool as a heat-condnetor, 860 
Woolff’s improvements in steam-engines, 
444 ; steam-expansion system, 418, 419 
Woolwich, steam-hammer at, 488 
Wright’s improvements in electro-plating, 
704, 711 

Writing telegraphs, 548, 675 


Z. 

Zinc, elect ro-i)lating on, 712 
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